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PYRROLO[l,2-a]PYRAZINE sPLA 2 INHIBITOR 

5 Technical Field 

The present invention relates to a pyrrolo[l,2-a]pyrazine derivative effective for 
inhibiting sPLA^-mediated fatty acid release. 

Background Art 

10 sPLAa (secretory phospholipase A2) is an enzyme that hydrolyzes membrane 

phospholipids and has been considered to be a rate-determining enzyme that governs the 
so-called arachidonate cascade where arachidonic acid, the hydrolysis product, is the 
starting material. Moreover, lysophospholipids that are produced as by-products in the 
hydrolysis of phospholipids have been known as important mediators in cardiovascular 

15 diseases. Accordingly, in order to normalize excess functions of the arachidonate cascade 
and the lysophospholipids, it is important to develop compounds which inhibit the 
liberation of sPLA 2 -mediated falt y acids ( for example, arachidonic acid), namely, 
compounds which inhibit the activity or production of sPLA 2 . Such compounds are useful 
for general treatment of symptoms, which are induced and/or sustained by an excess 

20 formation of sPLA^ such as septic shock, adult respiratory distress syndrome, pancreatitis, 
injury, bronchial asthma, allergic rhinitis, chronic rheumatism, arteriosclerosis, cerebral 
apoplexy, cerebral infarction, inflammatory colitis, psoriasis, cardiac insufficiency, cardiac 
infarction, and so on. The participation of sPLA 2 is considered to be extremely wide and, 
besides, its action is potent. 

25 There are known, as examples of sPIAz inhibitor, indole derivatives in EP- 

620214 (JP Laid-Open No. 010838/95), EP-620215 (JP Laid-Open No. 025850/95), EP- 
675110 (JP Laid-Open No. 285933/95), WO 96/03376, and WO 99/00360; indene 
derivatives in WO 96/03120; indolizine derivatives in WO 96/03383; naphthalene 
derivatives in WO 97/21664 and WO 97/21716; tricyclic derivatives in WO 98/18464; 
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pyrazole derivatives in WO 98/24437; phenylacetamide derivatives in WO 98/24756; 
phenyl glyoxamide derivatives in WO 98/24794; pyrrole derivatives in WO 98/25609. 

Disclosure of Invention 

5 The present invention provides pyrrolo[l,2-a]pyrazine derivatives having sPLA, 

inhibiting activity and being useful for treatment of septic shock, adult respiratory distress 
syndrome, pancreatitis, injury, bronchial asthma, allergic rhinitis, chronic rheumatism, 
arterial sclerosis, cerebral hemorrhage, cerebral infarction, inflammatory colitis, psoriasis, 
cardiac failure, and cardiac infarction. 

10 The present invention relates to a compound represented by the formula (I): 




(I) 



wherein R 1 is hydrogen atom or a group selected from (a) C6 to C20 alkyl, C6 to C20 
15 alkenyl, C6 to C20 alkynyl, carbocyclic groups, and heterocyclic groups, (b) the groups 
represented by (a) each substituted independently with at least one group selected from 
non-interfering substituents, and (c) -(L')-R 6 wherein V is a divalent linking group of 1 to 
18 atom(s) selected from hydrogen atom(s), nitrogen atom(s), carbon atom(s), oxygen 
atom(s), and sulfur atom(s), and R 6 is a group selected from the groups (a) and (b); 
20 R 2 is hydrogen atom, or a group containing 1 to 4 non-hydrogen atoms; 

R J is -(L 2 )-(acidic group) wherein L 2 is an acid linker having an acid linker length 
of 1 to 5; 

R 4 and R 5 are selected independently from hydrogen atom, non-interfering 
substituents, carbocyclic groups, carbocyclic groups substituted with a non-interfering 
25 substituent(s), heterocyclic groups, and heterocyclic groups substituted by a non- 
interfering substituent(s); and . 
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R A is a group represented by the formula: 



1^ or Y 



wherein L' is a divalent linker group selected from a bond or a divalent group selected from 
-CH 2 -, -0-, -S-, -NH-, or -CO-, R 27 and R 23 are independently hydrogen atom, CI to C3 
alky, or a halogen; X and Y are independently an oxygen atom or a sulfur atom; and Z is - 
NH 2 or -NHNH 2 ; the prodrugs thereof; or their pharmaceutical* acceptable salts; or the* 
solvates. 

Preferred subclass of compounds of formula (I) are those where for R' is it* 
divalen, linking group -(L> is a group repressed by any one of .he Mowing lormula 
(la ) or (lb) or (Ic): 

— CH 2 — (la), 
—CO— (lb), or 



(Ic) 



wherein Q 1 is a bond or any one of the divalent groups (la) or (lb) and each R» . 
independently hydrogen atom, CI to C8 alkyl, CI to C8 haloalkyl, or CI to C8 alkyloxy. 
Particularly preferred as the linking group - ( L')- of R l is an alkylene chain of 1 or 2 carbon 
atoms, namely, -(CH 2 )- or -(CH 2 CH 2 )-. 

Preferred sPLA, inhibitor compounds of the invention are those represented by 

the formula (II): 
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wherein R 7 is hydrogen atom or -(CH 2 )m-R* wherein m is an integer from 1 to 6, and R 12 is 
(d) a group represented by the formula: 

5 



- ( ch 2 ,„^J N-Q 



<R ,3 > 



a » 




" 11 f D 13v 



wherein a, c, e, n, q, and t are independently an integer from 0 to 2, R 13 and R" are 
independently selected from a halogen, CI to CIO alkyl, CI to CIO alkyloxy, CI to CIO 

10 alkylthio, aryl, heteroaryl, and CI to CIO haloalkyl, a is an oxygen atom or a sulfur atom, 
L s is -(CH 2 )v-, -C=C-, -CSC-, -0-, or -S-, v is an integer from 0 to 2, p is -CH 2 - or - 
(CUfr, Y is an oxygen atom or a sulfur atom, b is an integer from 0 to 3, d is an integer 
■ from 0 io 4, f, p, and w are independently an integer from 0 to 5, g is an integer from 0 to 2, 
r is an integer from 0 to 7, and u is an integer from 0 to 4, or is (e) a member of (d) 

15 substituted with at least one substituent selected from the group consisting of CI to C6 
alkyl, CI to C6 alkyloxy, CI to C6 haloalkyloxy, CI to C6 haloalkyl, aryl, and a halogen; 
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R« is CI to C3 alkyl, CI to C3 alkenyl, C3 to C4 cycloalkyl, C3 to C4 
cycloalkenyl, CI to C2 haloalkyl, CI to C3 alkyloxy, or CI to C3 alkylthio; 
R 9 is -(L 3 >R 15 wherein L J is represented by the formula: 



i16 



•M-C- 



>17 



10 



.herein M is -CH 2 -, -O, -N(R»)-, or -S, R» and R 17 are independently hydrogen atom, 
CI to CIO alkyl, aryl, aralkyl, alkyloxy, haloalkyl, carboxy, or a halogen, and R» is 
CI to C6 alkyl, and R 15 is represented by the formula: 



hydrogen atom or i 
O 

II 

S — OH 

II 

O 



N N 



O o 
1 )h — P— OH — 0— P— 



N 
H 



OH 



OR 



18 



OR 



18 



,19 



O 
I 

-P (CH 2 )t N R 19 



^19 



I 



O — P (CHz), N — R 



19 




OR 



18 



19 




15 



wherein R» is hydrogen atom, a metal, or CI to CIO alkyl, R» is independently hydrogen 
atom, or CI to CIO alkyl, and t is an integer from 1 to 8; 

R» and R" are independently hydrogen atom or a non-interfering substituent 
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selected from hydrogen, CI to C8 alkyl, C2 to C8 alkenyl, C2 to C8 alkynyl, C7 to C12 
aralkyl, C7 to C12 alkaryl, C3 to C8 cycloalkyl, C3 to C8 cycloalkenyl, phenyl, tolyl, xylyl 
biphenyl, CI to C8 alkyloxy, C2 to C8 alkenyloxy, C2 to C8 alkynyloxy, C2 to C12 
alkyloxyalkyl, C2 to C12 alkyloxyalkyloxy, C2 to C12 alkylcarbonyl, C2 to C12 

5 alkylcarbonylamino, C2 to C12 alkyloxyamino, C2 to C12 alkyloxyaminocarbonyl, CI to 
C12 alkylamino, CI to C6 alkylthio, C2 to C12 alkylthiocarbonyl, CI to C8 alkylsulfinyl, 
CI to C8 alkylsulfonyl, C2 to C8 haloalkyloxy, CI to C8 haloalkylsulfonyl, C2 to C8 
haloalkyl, CI to C8 hydroxyalkyl, -C(0)0(C1 to C8 alkyl), -(CH 2 ) z -0-(Cl to C8 alkyl), 
benzyloxy, aryloxy, arylthio, -(CONHSCsR*), -CHO, amino, amidino, halogen, carbamyl, 

10 carboxyl, carbaDcoxy, -(CH 2 ) z -C0 2 H, cyano, cyanoguanidinyl, guanidino, hydrazide, 

hydrazino, hydrazido, hydroxy, hydroxyamino, iodo, nitro, phosphono, -SO ? H, thioacetal, 
thiocarbonyl, or earbonyl ,R* is CI to C6 alkyl or aryl, z is an integer from 1 to 8; and R B is 
a group represented by the formula: 



15 



O 



or 



or 

o 



wherein Z is the same as defined above; the prodrugs thereof, or their pharmaceutical^ 

acceptable salts, or their solvates. 

When the above b, d, f, p, r, u, and/or w are 2 or more, a plural number of R l? or 
20 R" may be different from one another. When R 13 is a substituent on the naphthyl group, 
the substituent may be substituted at any arbitrary position on the naphthyl group. 

The invention also relates to preferred compounds represented by formula (I) or 
(II) the prodrugs thereof, or their pharmaceutical^ acceptable salts, or their solvates, 
wherein said R 1 and R 7 are represented by the formula: 

25 
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=\/P 13 )p 

sJ 




a » 



,or 



wherein R» R l \ b, d, f, g. P , r, u, w, a, p, and Y are the same as defined above, V is a 
bond, -CH 3 -, -C=C -C5C, -O-, or -S-. 
5 When the above b, d, f, p, r, u, and/or w are 2 or more, a plural number of R - or 

R« may be different from one another. When R L1 is a substituent on the naphthyl group, 
the substituent may be substituted at any arbitrary position on the naphthyl group. 

The invention also relates to preferred compounds represented by formula (I) and 
(II) the prodrugs thereof, or their pharmaceutical* acceptable salts, or their solvates, 
10 wherein for the formula (I) and (II) respectively the substituent R* or R- is selected from 
CI to C3 alkyl or C3 to C4 cycloalkyl. 

The invention also relates to a preferred compound of formula (I) or (II), the 
prodrugs thereof, or their pharmaceutical* acceptable salts, or their solvates, wherein the 

V and L 3 are -0-CH 2 -. 

The invention also relates to a preferred compound represented by the formula 



15 

(III) 
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wherein R 20 is a group represented by the formula: 





wherein L*, R», R", b. d, f, g, p, r, u, w, o, p, and , are the sanre as defined above; 
r» is CI 10 C3 alkyl or C3 10 C4 cydoalkyl; 

L< is -O-CH,-, -S-CH 2 , .N(R»>-CH,-, -CH.-CH,, -OCHCCH,), or -0- 
R= is -COOH, -SO,H, or P(OXOH)i 

*- is hydrogen arom, CI .0 C6 alkyl, C7 .0 C12 araikyl, CJ -o C6 aBryioxy, CI 
„ C6 aixyUhio, CI .0 C6 hydroxy*** C2 .0 C6 haioaficyloxy, haiogen, cartoxy, CI .0 
C6 a^ioaycarbonyi, aryioxy. aryHhio, a carboey* gronp, or a he.erocy* group; and 
„ R- is >he same as defined above-, the prodrugs rheree* o, .heir p—y aecepuble 
salts; or their solvates. 
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When the above b, d, f, p, r, u, and/or w are 2 or more, a plural number of R u or 
R" may be different from one another. When R 13 is a substituent on the naphthyl group, 
the substituent may be substituted at any arbitrary position on the naphthyl group. 

The invention also relates to most preferred compounds represented by the 
formula (IV): 



HOOC-(CH 2 )k-0 rB 



R 23 




XJ>*" (,V) 



R 20 



wherein R 20 , R 21 , R* and R B are the same as defined above; and k is an integer from 1 to 3; 
10 the prodrugs thereof; or their pharmaceutical^ acceptable salts; or their solvates. 

The invention also relates to a preferred compound, the prodrugs thereof, or their 
pharmaceutical^ acceptable salts, or their solvates as described in formula (III) wherein L 4 
is -0-CH 2 -. 

The invention further relates to a preferred compound, the prodrugs thereof, or 
15 their pharmaceutical^ acceptable salts, or their solvates as described in formula (I), (II), 

(III) , or (IV), wherein R A and R B are -COCONH 2 -. 

The invention also relates to preferred compounds formula (I), (II), (III), or (IV), 
the prodrugs thereof, or their pharmaceutical^ acceptable salts, or their solvates wherein 

R A and R B are -CH 2 CONH 2 -. 

The invention further relates to preferred compounds of formula (I), (II), (HI), or 

(IV) , the prodrugs thereof, or their pharmaceutical^ acceptable salts, or their solvates 
wherein R A and R B are -CH 2 CONHNH 2 -. 

The invention also relates to preferred compounds of formula (I), (II), (III), or 

(IV) in the form of ester type prodrug. 

The invention further relates to specific preferred sPLA, inhibitor compounds of 
formula (I), (II), (III), or (IV), namely, a p y rrolo[l,2-a]pyra Z ine compound selected from 



20 
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the group consisting of : 

[e-Benzyl-V-ethyl-S-oxamoylpyrrololl^-alpyrazin-l-ylloxyaceticacid, 

[e-Cyclohexylmethyl-?-^ 
[7 .Ethyl-6-(3-metho^^ 

^BenzotbltWophen-o-ylmethylVT-ethyl-S-oxamoylpy^ 
acid, 

[e-Benzy^-ethyW-me^^ 

[7-Ethyl-6K4-fluorobenzyl)-3-methyl-8-oxamoylpyrrolo[l,2-a] P yrazin-l-^ 
[6 <2-BiphenylmethyO-7-ethyl-3.meth y l-8oxamoyl P yrroto 

acid, 

[e-Cyclopentylmethyl-V-ethyl-S-methyl-S^xamoylpyrrolot 
acid, 

[6 -(2-Benzyl)b e nzyl-7.ethyl.3- m ethyl-8-oxamoylp^^ 
acid, 

[7^thyl-6K2K4-fluoro P heny^ 
yljoxyacetic acid, 

p. E thyl-6-(3-fh,orobenzyl)-3-m e thyl-8.oxamoylp y rroto 
r 6 -Bei>zyl-7-ethyl-3-^^ 

[e-Benzyl-SJ-diethyl-S-oxamoylpyrrolotl^-aJpyrazin-l-ylloxyaceticacid, 

[e-BenzyW-ethyl-S-oxamoyW-phenylpyrrololl^-alpyrazin-l-ylJoxyaceticacid, 

[e-Benzyl^-ethyl-S-isobutyl-S-oxamoylpyrrolotl^-alpyrazin^-ylloxyaceticacid^ 

[3> 6-Dibenzyl-7-ethyl-8-oxamoy^^ 
[ 7-Ethyl-3-methyl-8-oxamoyl-6-(2K2-thienyl)benzy^ 

acid, 

[7 -Ethyl-3-methyl-8^xamoyl-6^ 
yljoxyacetic acid, 
[7 -Ethyl-3-methy^ 
acid, 

[7-Ethyl-3-methyl-8- 0 xamoyl-6K2K3-thienyl)benzy^ 
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acid, 

yl]oxyacetic acid, 

[7 .Ethyl-6-(2-(4-methoxyphen^^^^^^ 
yl]oxyacetic acid, 

[7-Ethyl-3.methy)-6<2-(4.methylph e nyl)benzyl)-8.oxamoylp^ 
yl]oxyacetic acid, 

p .Eth y l-3-me^8-oxamoyl-6-(2.(2.phenyle^ 
yl]oxyacetic acid, 

[S.Benzyl-T-cyclopropyl-S-methyl.S-oxamoylpyr^ 

p-Cyclopropyl-^-fluorobenzy^-S-methyl-S-oxamoylpyrrololl^-aJpyrazin-l- 
yl]oxyacetic acid, 

r6-Benzy.-3-cycl 0 hexyl-7-e^^ 

[ 6K2-Biphenylmethyl)-3-cycloh e xyl-7- e thyl-8-oxamoylpynolo[l,2-a] P yrazin-l- 
yl]oxyacetic acid, 

[7 -Ethyl-3-methy^ 
yl]oxyacetic acid, 
[6 <Benzo[b]thiophe^^ 
yl]oxyacetic acid, 

Sodium ry-ethyl-o^-fluorob*^^ 
yl]oxyacetate, 

Sodium [7 -ethyl-6^4^^ 
l-yl]oxyacetate, 

Sodium [7 .ethyl-3-methyl-8-ox^ 
yl]oxyacetate, 

Sodium [7-ethyW-methyl-^xamoy^^ 
yl]oxyacetate, 

and the prodrugs thereof, the parent acids thereof, or their pharmaceutical* acceptable 
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salts; or their solvates. 

Most preferred as sPLA, inhibitors of the invention are 
Methyl [7-ethy]-6-(2-(4-fluoropheny^ 
l-yl]oxyacetate, 

Ethyl [7-ethyl-6-(2-(4-fluoropheny^ 
yl]oxyacetate, 

Morpholinylethyl [7-ethyl-6-(2<4-fluorophenyl)benzyl)-3-methyl-8.oxamoylpyrrolo[l,2- 

a]pyrazin-l-yl]oxyacetate, 

Sodium [7-ethyl-6-(2-(4-fluorophenyl)benzy^ 

l-yl]oxyacetate, 

Methyl [7-ethyl-3-methyl-8-oxamoyl-6-(2-(2-thienyl)benzyl)pyrrolo[l,2-a]pyrazin-l- 
yl]oxyacetate, 

Ethyl [7-ethyl-3-methyl-8-oxamoyl-6-(2K2^^ 
yl]oxyacetate, 

Morpholinylethyl [7-ethyl-3-methyl-8-oxamoy^ 
a]pyrazin-l-yl]oxyacetate, and 

Sodium [7.ethyM-methyl-8-oxamoyl-6^<2-thienyl)be 
yljoxyacetate. 

The invention also relates to a pharmaceutical composition containing as active 
ingredient a compound as described in any one of formula (I) or (II) or (III) or (IV) supra., 
or as named, supra., or as tabulated in Tables 14 to 25, infra., or as described in any one of 
the Examples, infra. 

The invention further relates to a pharmaceutical composition as described in the 
preceding paragraph, which is for inhibiting sPLAj. 

The invention also relates to a pharmaceutical composition as described in the 
preceding paragraph, which is for treatment or prevention of Inflammatory Diseases. 

The invention further is also a method of inhibiting sPLAj mediated release of 
fatty acid which comprises contacting sPLA 2 with a therapeutically effective amount of a 
pyrrolo[l,2-a]pyrazine compound. 
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The invention is also a method of treating a mammal, including a human, to 
alleviate the pathological effects of Inflammatory Diseases; wherein the method comprises 
administration to said mammal of a pyrrolo[l,2-a]pyrazine compound. 

The invention further relates to a pyrrolo[l,2-a]pyrazine compound of described 
5 in any one of formula (I) or (II) or (III) or (IV) supra., or as named, supra., or as tabulated 
in Tables 14 to 25, infra., or as described in any one of the Examples, infra, or a 
pharmaceutical formulation containing an effective amount of said compound for use in 
treatment of Inflammatory Diseases. 

The invention also relates to a compound or formulation as described in the 
10 preceding paragraph containing an effective amount of a pyrrolo[l,2-a] P yrazine compound 
for use as an inhibitor for inhibiting sPLA 2 mediated release of fatty acid. 

The invention further relates to a pyrrolo[l,2-a]pyrazine sPLA, inhibitor 
substantially as hereinbefore described with reference to any of the Examples. 

In the present specification, the term "alkyl" employed alone or in combination 
15 with other terms means a straight- or branched chain monovalent hydrocarbon group 
having a specified number of carbon atoms. An example of the alkyl includes methyl, 
ethyl, n-pro P yl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-hexyl, n- 
heptyl, n-octyl, n-nonyl n-decanyl, n-undecanyl, n-dodecanyl, n-tridecanyl, n-tetradecanyl, 
n-pentadecanyl, n-hexadecanyl, n-heptadecanyl, n-octadecanyl, n-nonadecanyl, n-eicosany. 
20 and the like. 

The term "alkenyl" employed alone or in combination with other terms in the 
present specification means a straight- or branched chain monovalent hydrocarbon group 
having a specified number of carbon atoms and at least one double bond. An example of 
the alkenyl includes vinyl, allyl, propenyl, crotonyl, isopentenyl, a variety of butenyl 

25 isomers and the like. 

The term "alkynyl" used in the present specification means a straight or branched 
chain monovalent hydrocarbon group having a specified number of carbon atoms and at 
least one triple bond. The alkynyl may contain (a) double bond(s). An example of the 
alkynyl includes ethynyl, propynyl, 6-hcptynyl, 7-octynyl, 8-nonynyl and the like. 
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The term "carbocyclic group" used in the present specification means a group 
derived from a saturated or unsaturated, substituted or unsubstituted 5 to 14 membered, 
preferably 5 to 10 membered, and more preferably 5 to 7 membered organic nucleus whose 
ring forming atoms (other than hydrogen atoms) are solely carbon atoms. A group 

5 containing two to three of the carbocyclic group is also included in the above stated group. 
An example of typical carbocyclic groups includes (0 cycloalkyl (such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl); cycloalkenyl (such as 
cyclobutylenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, and cyclooptenyl); phenyl, 
spiro[5,5]undecanyl, naphthyl, norbornyl, bicycloheptadienyl, tolyl, xylyl, indenyl, stilbenyl, 

10 terphenylyl, diphenylethylenyl, phenylcyclohexenyl, acenaphthyl, anthoryl, biphenylyl, 
bibenzylyl, and a phenylalkylphenyl derivative represented by the formula: 




15 wherein x is an integer from 1 to 8. 

The term "spiro[5,5]undecanyr refers to the group represented by the formula: 

OO 

20 Phenyl, cyclohexyl or the like is preferred as a carbocyclic groups in the R 4 and 

R 5 . 

The term "heterocyclic group" used in the present specification means a group 
derived from monocyclic or polycyclic, saturated or unsaturated, substituted or 
unsubstituted heterocyclic nucleus having 5 to 14 ring atoms and containing 1 to 3 hetero 
25 atoms selected from the group consisting of nitrogen atom, oxygen atom, and sulfur atom. 
An example of the heterocyclic group includes pyridyl, pyrrolyl, pyrrolidinyl, piperidinyl, 
furyl, benzofuryl, thienyl, benzothienyl, pyrazolyl, imidazolyl, phenylimidazolyl, triazolyl, 
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isoxazolyl, oxazolyl, thiazolyl, thiadiazolyl, indolyl, carbazolyl, norharmanyl, azaindolyl, 
benzofuranyl, benzothiophenyl, dibenzofuranyl, dibenzothiophenyl, indazolyl, imidazo[l,2- 
a]pyridinyl, benzotriazolyl, anthranilyl, 1,2-benzisoxazolyl, benzoxazolyl, benzothiazolyl, 
purinyl, puridinyl, dipyridinyl, phenylpyridinyl, benzylpyridinyl, pyrirnidinyl, 
phenylpyrimidinyl, pyrazinyl, 1,3,5-triazinyl, quinolyl, phthalazinyl, quinazolinyl, 
quinoxalinyl, morpholino, thiomorpholino, homopiperazinyl, tetrahydrofuranyl, 
tetrahydropyranyl, oxacanyl, 1,3-dioxolanyl, 1,3-dioxanyl, 1,4-dioxanyl, 
tetrahydrothiopheneyl, pentaroethylenesulfadyl, 1,3-dithianyl, 1,4-dithianyl, 1,4-thioxanyl, 
azetidinyl, hexamethyleneiminium, heptamethyleneiminium, piperazinyl and the like. 

Furyl, thienyl or the like is preferred as a heterocyclic group in the R 4 and R 5 . 

Preferred carbocyclic and heterocyclic groups in R l are (g) a group represented by 
the formula: 



, or 




wherein R 1? and R 14 are independently selected from a halogen, CI to CIO alkyl, CI to CIO 
alkyloxy, CI to CIO alkylthio, aryl, heteroaryl, and CI to CIO haloalkyl, a is an oxygen 
atom or a sulfur atom, L 5 is -(CH 2 )v-, -OC-, -C^C-, -0-, or -S-, v is an integer from 0 to 
2; a is an oxygen atom or a sulfur atom; p is -CH 2 - or -(CH 2 ) r ; Y is an oxygen atom or a 
sulfur atom; b is an integer from 0 to 3, d is an integer from 0 to 4; f, p, and w are an 
integer from 0 to 5; r is an integer from 0 to 7, and u is an integer from 0 to 4. When the 
above b, d, f, p, r, u, and/or w are 2 or more, a plural number of R 13 or R' 4 may be different 
from one another. When R 13 is a substituent on the naphthyl group, the substituent may 
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be substituted at any arbitrary position on the naphthyl group, 
includes (h) a group represented by the formula: 



PCT/JP99/01670 
A more preferable example 




wherein R L \ R' 4 , a, p*. and y are the same as defined above, L 5 is a bond, -CH 2 -, -C-C-, ■ 
=C-, -0-, or -S- and y is 0 or 1. When R u is a substituent on the naphthyl group, the 
substituent may be substituted at any arbitrary position on the naphthyl group. 

The "pyrrolo[l,2-a]pyrazine nucleus" is represented by the following structural 
10 formula together its numerical ring position for substituent placement: 




The term "non-interfering substituent" in the present specification means a group 
15 suitable for substitution at position 3 and 4 on the pyrrolo[l,2-a]pyrazine nucleus 

represented by the formula (1) as well as a group suitable for substitution of the above 
described "carbocyclic group" and "heterocyclic group". An example of the non- 
interfering substituents includes CI to C8 alkyl, C2 to C8 alkenyl, C2 to C8 alkynyl, C7 to 
C12 aralkyl (such as benzyl and phenethyl), C7 to C12 alkaryl, C2 to C8 alkenyloxy, C2 to 
20 C8 alkynyloxy, C3 to C8 cycloalkyl, C3 to C8 cycloalkenyl, phenyl, tolyl, xylyl, biphenylyl, 
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CI to C8 alkyloxy, C2 to C12 alkyloxyaDcyl (such as methyloxymethyl, ethyloxyraethyl, 
methyloxyethyl, and ethyloxyethyl), C2 to C12 alkyloxyalkyloxy (such as 
methyloxymethyloxy and methyloxyethyloxy), C2 to C12 alkylcarbonyl (such as 
methylcarbonyl and ethylcarbonyl), C2 to C12 alkylcarbonylamino (such as 
raethylcarbonylaraino and ethylcarbonylamino), C2 to C12 alkyloxyamino (such as 
methyloxyamino and ethyloxyamino), C2 to C12 alkyloxyaminocarbonyl (such as 
methyloxyaminocarbony] and ethyloxyaminocarbonyl), CI to C12 alkylamino (such as 
methylamino, ethylamino, dimethylamino, and ethylmethylamino), CI to C6 alkylthio, c2 
to C12 alkylthiocarbonyl (such as methylthiocarbonyl and ethylthiocarbonyl), CI to C8 
alkylsulfinyl (such as methylsulfinyl and ethylsulfinyl), CI to C8 alkylsulfonyl (such as 
methylsulfonyl and ethylsulfonyl), C2 to C8 haloalkyloxy (such as 2-chloroethyloxy and 2- 
bromoethyloxy), CI to C8 haloalkylsulfonyl (such as chloromelhylsultbnyl and 
bromomethylsulfonyl), C2 to C8 haloalkyl, CI to C8 hydroxyalkyl (such as hydroxymethyl 
and hydroxyethyl), -C(0)0(C1 to C8 alkyl) (such as methyloxycarbonyl and 
ethyloxycarbonyl, -(CH 2 )z-0-(Cl to C8 alkyl), benzyloxy, aryloxy (such as phenyloxy), 
arylthio (such as phenylthio), -(CONHSC^R 25 ), -CHO, amino, amidino, halogen, carbamyl, 
carboxyl, carbalkyloxy, -(CH 2 )z-COOH (such as carboxymethyl, carboxyethyl, and 
carboxypropyl), cyano, cyanoguanidino, guanidino, hydrazido, hydrazino, hydroxy, 
hydroxyamino, nitro, phosphono, -SO,H, thioacetal, thiocarbonyl, carbonyl, carbocyclic 
groups, heterocyclic groups and the like wherein z is an integer from 1 to 8 and R 25 is CI to 
C6 alkyl or aryl. These groups may be substituted by at least one substituent selected 
from the group consisting of CI to C6 alkyl, CI to C6 alkyloxy, C2 to C6 haloalkyloxy, CI 
to C6 haloalkyl, and halogens. 

Preferable are halogens, CI to C6 alkyl, CI to C6 alkyloxy, CI to C6 alkylthio, 
and CI to C6 haloalkyl as the "non-interfering substituent" in the R l . More preferable are 
halogens, CI to C3 alkyl, CI to C3 alkyloxy, CI to C3 alkylthio, and CI to C3 haloalkyl. 

Preferable are (i) CI to C6 alkyl, aralkyl, CI to C6 alkyloxy, CI to C6 alkylthio, 
CI to C6 hydroxyalkyl, C2 to C6 haloalkyloxy, halogens, carboxy, CI to C6 
alkyloxycarbonyl, aryloxy, arylthio, carbocyclic groups, and heterocyclic groups as the 
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"non-interfering substituents" in the R 4 , R 5 , R 10 , and R u . More preferable are 0) CI to C6 
alkyl, aralkyl, carboxy, CI to C6 hydroxyalkyl, phenyl, and CI to C6 alkyloxycarbonyl 

The term "halogen" in the present specification means fluorine, chlorine, bromine, 
and iodine. 

5 The term "cycloalkyl" in the present specification means a monovalent cyclic 

hydrocarbon group having a specified number of carbon atoms. An example of the 
cycloalkyl includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
cyclooctyl and the like. 

The term "cycloalkenyl" in the present specification means a monovalent cyclic 

10 hydrocarbon group having a specified number of carbon atoms and at least one double 
bond(s). An example of the cycloalkenyl includes 1-cyclopropenyl, 2-cyclopropenyl, 1- 
cyclobutenyl, 2-cyclobutenyl and the like. 

In the present specification, an example of "alkyloxy" includes methyloxy, 
ethyloxy, n-propyloxy, isopropyloxy, n-butyloxy, n-pentyloxy, n-hexyloxy and the like. 

15 In the present specification, an example of "alkylthio" includes methylthio, 

ethylthio, n-propylthio, isopropylthio, n-butylthio, n-pentylthio, n-hexylthio and the like. 

The term "acidic group" in the present specification means an organic group 
functioning as a proton donor capable of hydrogen bonding when attached to a 
pyrrolo[l,2-a]pyrazine nucleus through a suitable Unking atom (hereinafter defined as "acid 

20 linker"). An example of the acidic group includes (k) a group represented by the formula: 
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wherein R 18 is hydrogen atom, a metal, or CI to CIO alky] and each R" is independently 
hydrogen atom or CI to CIO alkyl. Preferable is (1) -COOH, -SO,H, or P(0)(OH),. 
More preferable is (m)-COOH. 

The term "acid linker" in the present specification means a divalent linking group 
represented by a symbol -(L 2 )-, and it functions to join 1-position of pyrrolo[l,2-a]pyrazine 
nucleus to an "acidic group" in the general relationship. An example of it includes (n) a 
group represented by the formula: 



5 16 



•M-C 
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wherein M is -CH 2 -, -0-, -N(R 24 )-, or -S-, and R 14 and R 17 are independently hydrogen 
atom, CI to CIO alkyl, aryl, aralkyl, carboxy, or halogens. Preferable are (o) -O-CH,-, 
15 S-CH 2 -, -N(R 24 )-CH 2 -, -CH,-CH r , -0-CH(CH 3 )-, or -O-CHtfCH^Ph)- wherein R 24 is 
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hydrogen atom or CI to C6 aUcyl and Ph is phenyl. More preferable is (p) -0-CH 2 - or - 
S-CH 2 "« 

In the present specification, the term "acid linker length" means the number of 
atoms (except for hydrogen atoms) in the shortest chain of a linking group -(L 2 )- which 
connects 1-position in pyrrolo[l,2-a]pyrazine nucleus with the "acidic group". The 
presence of a carbocyclic ring in -(L 2 )- counts as the number of atoms approximately 
equivalent to the calculated diameter of the carbocyclic ring. Thus, a benzene and 
cyclohexane ring in the acid linker counts as two atoms in culculating the length of -(L 2 )-. 
A preferable length is 2 to 3. 

A symbol k in the formula (IV) is preferably 1. 

The term "haloalkyl" in the present specification means the above described 
"alkyl" substituted with the above described "halogen" at arbitrary position(s). An 
example of the haloalkyl includes chloromethyl, trifluoromethyl, 2-chloroethyl, 2- 
bromoethyl and the like. 

The term "hydroxyalkyl" in the present specification means the aforementioned 
"alky!" substituted with hydroxy at arbitrary position(s). An example of the hydroxyalkyl 
includes hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl and the like. In this case, 
hydroxymethyl is preferable. 

In the present specification, the term "haloalkyl" in "haloalkyloxy" is the same as 
defined above. An example of it includes 2-chloroethyloxy, 2,2,2-trifluoroethyloxy, 2- 
chloroethyloxy and the like. 

The term "aryl" in the present specification means a monocyclic or condensed 
cyclic aromatic hydrocarbon. An example of the aryl includes phenyl, 1-naphthyl, 2- 
naphthyl, anthryl and the like. Particularly, phenyl, and 1-naphthyl are preferred. 

The term "aralkyl" in the present specification means a group wherein the 
aforementioned "alky!" is substituted with the above-mentioned "aryl". Such aryl may 
have a bond at any substitutable position . An example of it includes benzyl, phenethyl, 
phenylpropyl (such as 3-phenylpropyl), naphthylmethyl (such as 1-naphthylmethyl) and the 
like. 
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The term, "gr° u P containing 1 to 4 non-hydrogen atoms" refers to relatively small 
groups which form substituents at the 7 position of the pyrrolo[l,2-a]pyrazine nucleus, 
said groups may contain non-hydrogen atoms alone, or non-hydrogen atoms plus hydrogen 
atoms as required to satisfy the unsubstituted valence of the non-hydrogen atoms, for 
5 example; (i) groups absent hydrogen which contain no more than 4 non-hydrogen atoms 
such as -CF„ -CI, -Br, -NO* -CN, -SCy, and (ii) groups having hydrogen atoms which 
contain less than 4 non-hydrogen atoms such as -CH„ -CB S , -CH=CH 2 , -CH(CH 3 );,and 
cyclopropyl. 

An example of the "alkyloxycarbonyl" in the present specification includes 
10 methyloxycarbonyl, ethyloxycarbonyl, n-propyloxycarbonyl and the like. 

A group of preferable substituents as the R 1 to R 5 and the R A of the compound 
represented by the formula (I) will be shown in items (A) to (W). Items (f) to (m) are the 
same group as described above. 

As the R\ (A): -(VyR 6 , (B): -(CH 2 ), 2 -(f), (Q: -(CH 2 ),. 2 -(g), and (D): -(CH 2 ),. 2 - 

15 (h) are preferred. 

As the R 2 , (E): hydrogen atom, halogen, CI to C3 alkyl, C3 to C4 cycloalkyl, or 
CI to C3 alkyloxy; and (F): CI to C3 alkyl or C3 to C4 cycloalkyl are preferred. 

As the R A , (G): -C(=0)-C(=0)-NH 2J -CH 2 C(=0)-NH 2 , or -CH 2 C(=0)-NHNH 2 ; 
and (H): -C(=0)-C(=0)-NH 2 are preferred. 
20 As the R 3 , (I): -(n)-(k), (J): -(n)-(l), (K): -(n)-(m), (L): -(o)-(k), (M): -(o)-(l), (N): 

-(o)-(m), (0): -(p)-(k), (P): -(p)-(l), and (Q): -(p)-(m) are preferred. 

As the R\ (R): hydrogen atom or non-interfering substituent, (S): hydrogen atom 
or (i), and (T): hydrogen atom or 0) are preferred. 

As the R 5 , (U): hydrogen atom or (i), (V): hydrogen atom or (j), and (W): 
25 hydrogen atom are preferred. 

A preferred group of compounds represented by the formula (I) will be shown 

hereinafter. 

(R , ,R J ,R A ,R 4 ,R 5 )=(AE,G,R,U), (A,E,G,R,V), (A,E,G,R,W), (AE,G,S,U), (A,E,G,S,V), 
(AE,G,S,W), (AE,G,T,U), (AE,G,T,V), (A,E,G,T,W), (AE,H,R,U), (A,E,H,R,V), 
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(A,E,H,R,W), (A,E,H,S,U), (A,E,H,S,V), (A,E,H,S,W), (A.E.H.T.U), (A,E,H,T,V), 
(A,E,H,T,W), (A,F,G,R,U), (A,F,G,R,V), (A,F,G,R,W), (A,F,G,S,U), (A,F,G,S,V), 
(A,F,G,S,W), (A,F,G,T,U), (A,F,G,T,V), (A,F,G,T,W), (A,F,H,R,U), (A,F,H,R,V), 
(A,F,H,R,W), (A,F,H,S,U), (A,F,H,S,V), (A,F,H,S,W), (A,F,H,T,U), (A,F,H,T,V), 
5 (A,F,H,T,W), (B,E,G,R,U), (B,E,G,R,V), (B,E,G,R,W), (B,E,G,S,U), (B,E,G,S,V), 
(B,E,G,S,W), (B,E,G,T,U), (B,E,G,T,V), ( B ,E,G,T,W), (B,E,H,R,U), (B,E,H,R,V), 
(B,E,H,R,W), (B,E,H,S,U), (B,E,H,S,V), (B,E,H,S,W), (B,E,H,T,U), (B,E,H,T,V), 
(B,E,H,T,W), (B,F,G,R,U), (B,F,G,R,V), (B,F,G,R,W), (B,F,G,S,U), (B,F,G,S,V), 
(B,F,G,S,W), (B,F ( G,T,U), (B,F,G,T,V), (B,F,G,T,W), (B,F,H,R,U), (B,F,H,R,V), 
10 (B,F,H,R,W), (B,F,H,S,U), (B,F,H,S,V), (B,F,H,S,W), (B,F,H,T,U), (B,F,H,T,V), 
(B,F,H,T,W), (C,E,G,R,U), (C,E,G,R,V), (C,E,G,R,W), (C,E,G,S,U), (C,E,G,S,V), 
(C,E,G,S,W), (C,E,G,T,U), (C,E,G,T,V), (C,E,G,T,W), (C,E,H,R,U), (C,E,H,R,V), 
(C,E,H,R,W), (C,E,H,S,U), (C,E,H,S,V), (C,E,H,S,W), (C,E,H,T,U), (C,E,H,T,V), 
(C,E,H,T,W), (C,F,G,R,U), (C,F,G,R,V), (C,F,G,R,W), (C,F,G,S,U), (C,F,G,S,V), 
15 (C,F,G,S,W), (C,F,G,T,U), (C,F,G,T,V), (C,F,G,T,W), (C,F,H,R,U), (C,F,H,R,V), 
(C,F,H,R,W), (C,F,H,S,U), (C,F,H,S,V), (C,F,H,S,W), (C,F,H,T,U), (C,F,H,T,V), 
(C,F,H,T,W), (D ) E,G,R,U), (D,E,G,R,V), (D,E,G,R,W), (D,E,G,S,U), (D,E,G,S,V), 
(D,E,G,S,W), (D,E,G,T,U), (D,E,G,T,V), (D,E,G,T,W), (D,E,H,R,U), (D,E,H,R,V), 
(D,E,H,R,W), (D,E,H,S,U), (D,E,H,S,V), (D,E,H,S,W), (D,E,H,T,U), (D,E,H,T,V), 
20 (D,E,H,T,W), (D,F,G,R,U), (D,F,G,R,V), (D,F,G,R,W), (D,F,G,S,U), (D,F,G,S,V), 
(D,F,G,S,W), (D,F,G,T,U), (D,F,G,T,V), (D,F,G,T,W), (D,F,H,R,U), (D,F,H,R,V), 
(D,F,H,R,W), (D,F,H,S,U), (D,F,H,S,V), (D,F,H,S,W), (D,F,H,T,U), (D,F,H,T,V), and 
(D,F,H,T,W). 

Preferred embodiments of this invention are compounds wherein R 3 is any one of 
25 (I) to (Q) and (R\R 2 ,R A ,R\R 5 ) is any one of the above combinations. 

The term, "Inflammatory Diseases" refers to diseases such as inflammatory bowel 
disease, sepsis, septic shock, adult respiratory distress syndrome, pancreatitis, trauma- 
induced shock, bronchial asthma, allergic rhinitis, rheumatoid arthritis, chronic rheumatism, 
arterial sclerosis, cereberal hemorrhage, cerebral infarction, cardiac failure, cardiac 
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infarction, psoriasis, cystic fibrosis, stroke, acute bronchitis, chronic bronchitis, acute 
bronchiolitis, chronic bronchiolitis, osteoarthritis, gout, spondylarthropathris, ankylosing 
spondylitis, Reiter's syndrome, psoriatic arthropathy, enterapathric spondylitis, Juvenile 
arthropathy or juvenile ankylosing spondylitis, Reactive arthropathy, infectious or post- 

5 infectious arthritis, gonoccocal arthritis, tuberculous arthritis, viral arthritis, fungal arthritis, 
syphilitic arthritis, Lyme disease, arthritis associated with "vasculitic syndromes", 
polyarteritis nodosa, hypersensitivity vasculitis, Luegenec's granulomatosis, polymyalgin 
rheumatica, joint cell arteritis, calcium crystal deposition arthropathris, pseudo gout, non- 
articular rheumatism, bursitis, tenosynomitis, epicondylitis (tennis elbow), carpal tunnel 

10 syndrome, repetitive use injury (typing), miscellaneous forms of arthritis, neuropathic joint 
disease (charco and joint), hemarthrosis (hemarthrosic), Henoch-Schonlein Purpura, 
hypertrophic osteoarthropathy, multicentric reticulohistiocytosis, arthritis associated with 
certain diseases, surcoilosis, hemochromatosis, sickle cell disease and other 
hemoglobinopathries, hyperlipoproteineimia, hypogammaglobulinemia, 

15 hyperparathyroidism, acromegaly, familial Mediterranean fever, Behal's Disease, systemic 
lupus erythrematosis, or relapsing polychondritis and related diseases which comprises 
administering to a mammal in need of such treatment a therapeutically effective amount of 
the compound of formula I in an amount sufficient to inhibit sPLA 2 mediated release of 
fatty acid and to thereby inhibit or prevent the arachidonic acid cascade and its deleterious 

20 products. 

The terms, "mammal" and "mammalian" include human. 

The term "solvate" includes, for example, solvates with organic solvents, hydrates, 
and the like. 

The compounds of the invention represented by the general formula (I) can be 
26 synthesized in accordance with the following methods A to I. 
(Method A) 
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wherein R 2 , R 4 , R s , R 6 , R 22 , X, Y, and L 4 are as defined above; R 26 , R 27 , and R 28 are CI to 
C3 alkyl; Hal is a halogen, and Met is an alkali metal 
5 (Step 1) 

The present step is the one for constructing pyrrolo[l,2-a]pyrazine ring, and it 
may be conducted in accordance with a process described in J. Chem. Soc, Perkin Trans. 1, 
1990, 311-314 (The disclosure of which are incorporated herein by reference). 
(Step 2) 

10 The present step is the one for transforming the ketone at 1-position into an 
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alkyloxy group. To the compound (VII) is added a halogenating agent such as 
phosphorus oxychloride, phenylphosphonic dichloride and the like, and the resulting 
mixture is refluxed for 1 to 8 hours, preferably 3 to 5 hours. The resulting compound is 
dissolved in an alcohol (for example, methanol, ethanol, and n-propanol), an alkali metal 

5 compound of CI to C3 alcohol (for example, sodium methoxide, and sodium ethoxide), 
sodium p-toluenesulfinate and the like are added to the solution, and the mixture is stirred 
at 70°C to 120°C, preferably 80°C to 100°C for 5 to 36 hours, preferably 12 to 24 hours. 
When the resulting product is subjected to a usual work-up, the compound (VIII) can be 
obtained. 

10 (Step 3) 

The present step is the one for introducing a substituent to 6-position of 
pyrrolo[l,2-a]pyrazinc, and it may be carried out by Friedel-Crafts reaction. The 
compound (VIII) is dissolved in a solvent such as 1,2-dichloroethane, methylene chloride 
and the like, R 6 COHal and Lewis acid (for example, A1C1.„ SbF 5 , BF ? and the like) are 

15 added gradually to the solution at -78°C to 10°C, preferably -20°C to ice-cooling, and the 
resulting mixture is stirred at -10°C to 10°C, preferably 0°C to 10°C for 5 to 30 minutes, 
preferably 10 to 20 minutes. Alternatively, the reaction may be carried out in such that 
the compound (VIII) is dissolved in R'COHal without using any solvents, and then, the 
step is continued in accordance with the same manner as that described above. When the 

20 resulting product is subjected to a usual work-up, the compound (IX) can be obtained (see 
J. Med. Chem., 39, 3636-58 (1996). The disclosure of which are incorporated herein by 
reference.) 
(Step 4) 

The present step is the one for reducing the carbonyl group at 6-position of 
25 pyrrolo[l,2-a]pyrazine to transform the same into methylene. Lewis acid (for example, 
A1C1 3 and the like) is dissolved in a solvent such as methylene chloride, tetrahydrofuran and 
the like, a reducing agent such as boron-t-butylamine complex, sodium borohydride and 
the like is added to the solution at -20°C to 10°C, preferably under ice-cooling, and the 
resulting mixture is stirred for 5 to 30 minutes, preferably 10 to 20 minutes. The 
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compound (IX) dissolved in methylene chloride, tetrahydrofuran and the like is added to 
the reaction mixture at -20°C to 10°C, preferably under ice-cooling, the resulting mixture 
is stirred preferably for 20 to 30 minutes, and further the stir is continued at 15°C to 40°C, 
preferably 20°C to 30°C for 1 to 5 hours, preferably 2 to 3 hours. When the resulting 
5 product is subjected to a usual work-up, the compound (X) can be obtained (see J. Med. 
Chem., 39, 3635-58 (1996). It is to be noted that The disclosure of which are 
incorporated herein by reference.) 
(Step 5) 

The present step is the one for transforming the alkyloxy group into ketone. An 
10 acid such as concentrated hydrochloric acid and the like is added to the compound (X), and 
the mixture is stirred at 80°C to 150°C, preferably 100°C to 120°C for 1 to 5 hours, 
preferably 2 to 3 hours. When the resulting product is subjected to a usual work-up, the 
compound (XI) can be obtained. 
(Step 6) 

15 The present step is the one for transforming the ketone at 1-position into a 

halogen. A halogenating agent such as phosphorus oxychloride, phenylphosphonic 
dichloride and the like is added to the compound (XI), and the mixture is refluxed for 1 to 
8 hours, preferably 3 to 5 hours. When the resulting product is subjected to an ordinary 
work-up, the compound (XII) can be obtained. 

20 (Step 7) 

The present step is the one for transforming the halogen at 1-position into (-L 4 - 
R 22 ). To a suspension of R^-L'-H and an alkali metal compound such as sodium and the 
like are added the compound (XII) and sodium p-toluenesulfinate or the like, and the 
mixture is stirred at 70°C to 120°C, preferably 80°C to 100°C for 5 to 36 hours, preferably 
25 12 to 24 hours. When the resulting product is subjected to an ordinary work-up, the 
compound (XIII) can be obtained. 
(Step 8) 

The present step is the one for introducing a substituent to 8-position. The 
compound (XIII) is dissolved in a solvent such as 1,2-dichloroethane, tetrahydrofuran and 
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the like, Hal-C(=X)-C(=X)-Hal (for example, oxalyl chloride) and a base such as N- 
methylrnorpholine, triethylamine and the like are added to the solution, and the mixture is 
stirred at 30°C to 70°C, preferably 40°C to 60°C for 1 to 10 hours, preferably 3 to 6 hours. 
The reaction mixture is poured into cold aqueous ammonia, and the resulting mixture is 
5 stirred for 5 to 30 minutes, preferably 10 to 20 minutes. When the resulting product is 
subjected to an ordinary work-up, the compound (XV) can be obtained. 
(Method B) 




wherein R J , R\ R 6 , R~, R M , L", X, Y, and Hal are as defined above, and R 5 is hydrogen. 
(Step 1) 

The present step is the one for constructing pyrazine ring, and it may be carried 
out in accordance with the process described in J. Am. Chem. Soc, 74, 1580-84 (1952). 
15 (The disclosure of which are incorporated herein by reference.) 
(Step 2) 

The present step may be carried out in accordance with the same manner as that 
of the method A - step 2. 
(Step 3) 

27 



WO 99/51605 PCT/JP99/01670 

The present step is the one for constructing pyrrolo[l,2-a]pyrazine ring. A 
mixture of the compound (XIX) and Hal-CH 2 -C(=0)-R 2 is stirred at 40°C to 90°C, 
preferably 50°C to 70°C for 3 to 36 hours, preferably 12 to 24 hours to obtain a quaternary 
salt. The resulting quaternary salt is dissolved in a solvent such as 1,2-dichloroethane, 
acetonitrile and the like, a base such as l,8-diazabicyclo[5,4,0]-undec-7-ene{DBU), 
triethylamine and the like is added to the solution, and the mixture is stirred at 40°C to 
90°C, preferably 50°C to 70°C for 3 to 36 hours, preferably 12 to 24 hours. When the 
resulting product is subjected to a usual work-up, the compound (XXI) can be obtained. 
(Step 4) 

The present step may be carried out in accordance with the same manner as that 
of the method A - step 3. 
(Step 5) 

The present step may be carried out in accordance with the same manner as that 
of the method A - steps 4 to 8. 
(Method C) 



0 O 



NH 2 H0 ^r uD (XXIV) HN-V 

J» Slepl tf'VoH Stc P 2 



NHBoc 



(XXlll) 



(XXV) 



o 9 

Me 



pojvi) 



(XXVII) (xv») 



wherein R 4 , R 5 , and Hal are as defined above, and Boc is t-butoxycarbonyl. 
(Step 1) 

The present step is the one for conducting condensation reaction of the 
compound (XXIII) and the compound (XXIV). The compound (XXIII) is dissolved in a 
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solvent such as tetrahydrofuran, dichloromethane, acetonitrile and the like, the compound 
(XXIV) and a condensation agent such as N,N-dicyclohexylcarbodiimide (DCC), 1-ethyl- 
3-(3-dimethylaminopropyl)carbodiimide (WSCD), N,N-dicarbonylimidazole, 2-halo-l- 
methylpyridinium iodide, di-2-pyridyl carbonate, l.l'-oxalyldiimidazole and the like are 
5 added to the solution, and the resulting mixture is reacted at -20°C to 80°C, preferably 0°C 
to 40°C for 1 to 30 hours, preferably 3 to 20 hours to obtain the compound (XXV). 
(Step 2) 

The present step is the one for effecting oxidation of hydroxyl group and ring 
closure reaction. 

10 The oxidation reaction may be carried out in accordance with a manner applied 

generally. In this respect, the following four types of oxidation reaction are particularly 
preferred. 

i) PCC Oxidation (The compound (XXV) is dissolved in a solvent such as 
dichloromethane and the like, pyridinium chlorochromate (PCC) is added to the solution, 

15 and the mixture is allowed to react at -20°C to 60°C, preferably 0°C to 40°C for 1 to 30 
hours, preferably 3 to 20 hours, to give an oxidized product.) (see Tetrahedron Lett., 

2647-2650 (1975)) 

ii) Swern Oxidation (Dichloromethane is cooled to -78°C, oxalyl chloride, 
dimethyl sulfoxide, and the compound (XXV) are added successively to the solvent. The 

20 mixture is allowed to warm to -45°C to 0°C, the mixture is allowed to react for 1 to 30 
hours, preferably 1 to 10 hours. When the resulting product is subjected to a usual 
work-up, a aimed compound can be prepared.) (see J. Org. Chem., 43, 2480-2482 (1978)) 

iii) Dess-Martin Oxidation (A solution of Dess-Martin reagent in dimethyl 
sulfoxide or the like is allowed to react with compound (XXV) in a solvent such as 

25 tetrahydrofuran.) (see J. Org. Chem., 48, 4155-4156 (1983)) 

iv) Oxidation by Halogen Oxoacid (The compound (XXV) is allowed to react 
with an oxidizing agent such as halogen oxoacid and the like in the presence of 2,2,6,6- 
tetramethyl-l-piperizinyloxy (TEMPO) according to the process described in a literary 
document (J. Org. Chem., 52, 2559-2562 (1987)), whereby the compound can be prepared. 
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In stead of TEMPO, 4-acetylamino-2,2,6,6-tetramethyl-l-piperidinyloxy, 4-benzoyloxy- 
2,2,6,6-tetramethyl-l-piperidinyloxy, 4-cyano-2,2,6,6-tetramethyH-piperidinyloxy or the 
like may be used. As the halogen oxoacid, sodium hypochlorite, sodium hypobromite, 
sodium bromite or the like is used. As the solvent, ethyl acetate, acetonitrile, 

5 dichloromethane or the like may be used.) 

In ring closure reaction, the oxidized product prepared in accordance with the 
above step is dissolved in a solvent such as toluene, ethyl acetate, chloroform and the like, 
and the solution is allowed to react at -10°C to 80°C, preferably 0°C to 40°C for 1 to 30 
hours, preferably 5 to 20 hours, whereby the compound (XXVI) can be obtained. In the 

10 case where progress of the reaction is slow, it is sufficient to add a catalytic amount of a 
suitable acid (for example, p-toluenesulfonic acid and the like) to the solution. 
(Step 3) 

The present step is the one for deprotecting Boc group. The compound (XXVI) 
is dissolved in a solvent such as dichloromethane, ethyl acetate, toluene and the like, a 
15 mineral acid (for example, HC1, HBr, HI and the like) or an organic acid (for example, 
trifluoroacetic acid, camphorsulfonic acid and the like) is added to the solution, and the 
mixture is allowed to react at 0°C to 100°C, preferably 20°C to 100°C for 1 to 20 hours, 
preferably 3 to 10 hours, whereby the compound (XXVII) can be prepared. 
(Step 4) 

20 The present step is the one for conducting dehydrogenation reaction. The 

compound (XXVII) is dissolved in a solvent such as decaline, quinoline, naphthalene and 
the like, Pd, Pt, Rh, Ni, S, or Se is added to the solution, and the mixture is allowed to 
react at 100°C to 350°C for 2 to 5 hours, whereby the compound (XVIII) can be obtained. 
In the case when a hydrogen receptor such as cyclohexene, maleic acid, and the like is 

25 allowed to exist in the reaction system, it is sufficient to be a reaction temperature of 
100°Ctol50°C. 
(Method D) 
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(XXX) (XXXI) (XVIII) 

wherein R 4 and R s are as defined above. 
(Step 1) 

5 The present step may be carried out in accordance with the same manner as that 

of the method C- step 1. 
(Step 2) 

The present step may be carried out in accordance with the same manner as that 
of the oxidation step in the method C - step 2. 
10 (Step 3) 

The present step is the one for oxidizing methylene to form ketone. The 
compound (XXX) is dissolved in dichloromethane - methanol, ethyl acetate or the like, and 
ozone gas is bubbled through the solution at -78°C to 0°C, preferably -78°C to -30°C. 
After 5 minutes to 1 hour, dimethyl sulfide or triphenylphosphine is added to the resulting 
15 mixture, and the mixture is allowed to react at 0°C to 60°C, preferably 10°C to 40°C for 1 
to 2 hours, whereby the compound (XXXI) can be obtained. 
(Step 4) 

The present step is the one for effecting ring closure reaction. The compound 
(XXXI) is dissolved in a solvent such as ethanol and the like, ammonium acetate is added 
20 to the solution, and the mixture is refluxed for 5 minutes to 1 hour, whereby the compound 
(XVIII) can be prepared. 
(Method E) 
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(xxxm) (xxxiv) 



wherein R 2 , R 4 , R 5 , R 22 , L\ X and Y are as defined above, R 29 is aryl or heteroary! having a 
leaving group such as halogen, triflate, R 30 is aryl or heteroaryl substituted with aryl, 
5 heteroaryl, substituted vinyl, substituted acetylene, alkyl, aryloxy and the like. 
(Step 1) 

The present step is a step of a carbon-carbon bond forming reaction by Suzuki 
reaction or Sonogashira reaction using a palladium catalyst. By the present reaction, the 
compound (XXXII) is converted into the compound (XXXIII) in accordance with the 

10 methods described in Syn. Commun., 11, 513 (1981) (The disclosure of which are 
incorporated herein by reference), Tetrahedron Lett., 4467 (1975) (The disclosure of 
which are incorporated herein by reference) and the like. 

Compound (XXXII) is reacted with optionally substituted aryl or optionally 
substituted heteroaryl having a B(OH) 2 (otherwise B(Et) 2 ) group such as phenylboronic 

15 acid in a solvent such as dimethylformamide, toluene, xylene, benzene, tetrahydrofiiran etc. 
in the presence of a palladium catalyst (e.g., Pd(Ph,P) 4 ) and a base (e.g., potassium 
carbonate, calcium carbonate, triethylamine, sodium methoxide etc.) to give the desired 
compound (XXXIII). This reaction is carried out at 0 to 100 °C, preferably 0 to 80 °C. 
This reaction is completed for 5 to 50 hours, preferably 15 to 30 hours. When optionally 

20 substituted aryl or optionally substituted heteroaryl has a substituent(s) interfering this 
reaction, the substituent(s) can previously be protected in accordance with a method of 
" Protective Groups in Organic Synthesis " ( Theodora W. Green (John Wiley & Sons)) 
and then deprotected at an appropriate step. 

Compound (XXXII) is reacted with optionally substituted aryl or optionally 

25 substituted heteroaryl having an ethynyl group such as ethynylbenzene in a solvent such as 
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dimethylformamide, toluene, xylene, benzene, tetrahydrofuran etc. in the presence of a 
palladium catalyst (e.g., Pd(Ph 3 P)A), a divalent copper reagent (e.g., Cul), and an 
organic base (e.g., triethylamine, and diisopropylethylamine) to give a desired compound 
(XXXIII). This reaction is carried out at 0 to 100 °C, preferably 20 to 80 °C. This 
reaction is completed for 3 to 30 hours, preferably 10 to 20 hours. When optionally 
substituted aryl or optionally substituted heteroaryl has a substituent(s) interfering this 
reaction, the substituent(s) can previously be protected in accordance with a method of 
" Protective Groups in Organic Synthesis " ( Theodora W. Green (John Wiley & Sons)), 
and then deprotected at an appropriate step. 

In case that R 30 is aryl or heteroaryl substituted with aryloxy, the compound 
(XXXII) is dissolved in a solvent such as pyridine, and then cooper (II) oxide, a base (for 
example, potassium carbonate) and substituted phenols are added, and the resulting 
mixture was stirred at 10 to 150°C, preferably 100 to 150°C, for 1 to 24 hours, preferably 

5 to 10 hours. The compound (XXXIII) is obtained by the usual work-up. 
(Step 2) 

The present step can be carried out in the same manner as those described in step 

6 to 8 of Method A. 

(Method F) 
0 

R R e 
(XI) 



Step 3 




R 22 CH 2 S 



wherein R 2 , R 4 , R s , R', R 22 , X and Y are as defined above. 

When L" is CH,S in Method A, (XXXVII) can also be synthesized by Method F. 
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(Step 1) 

The present step is a step wherein the ketone group at Cl-position is converted 
into thioketone. The reaction may be conducted in accordance with the method described 
in Monatsh chem, 126, 747 (1995) (The disclosure of which are incorporated herein by 
reference). The compound (XI) is dissolved in a solvent such as pyridine, and the 
resulting mixture is stirred with phosphorus pentasulfide at 10 °C to 150°C, preferably 100 
to 150°C, for 1 to 5 hours, preferably 2 to 3 hours. The compound (XXXV) is obtained 
by the usual work-up. This step can also be conducted by reacting with compound (XI) 
and Lawesson reagent in a solvent such as tetrahydrofuran, dimethylformamide at 10 to 
150°C, preferably 50 to 100°C, for 1 to 5 hours, preferably 2 to 3 hours. 
(Step 2) 

The present step is a step wherein the thioketone group at Cl-position is 
converted into iminosulfide group. 

The compound (XXXV) is dissolved in a solvent such as tetrahydrofuran, 
dimethylformamide, R^CH^ (for example, bromoacetic acid methyl ester) and a base (for 
example, potassium carbonate) are added, and the resulting mixture is stirred at 0 to 100°C, 
preferably 10 to 50°C, for 1 to 5 hours, preferably 1 to 2 hours. The compound 
(XXXVI) is obtained by the usual work-up. 
(Step 3) 

The present step can be carried out in the same manner as that described in step 8 
of Method A. 
(Method G) 



34 



WO 99/51605 



PCT/JP99/01670 




POJD) (XLIV) (XLV) 

wherein R 2 , R 4 , R 6 , R 22 , R 28 , L 4 , Hal, X and Y are as defined above, R 31 is CI - C3 alkyl or 
aryl. 
(Step 1) 



5 The present step is a step wherein a substituent is introduced to C4-position of 

pyrrolo[l,2-a]pyrazine without any substituent at Opposition. The compound 
(XXXVIII) is dissolved in a solvent such as diethyl ether, tetrahydrofiiran, an alkyllithium 
(for example, methyllithium, n-butyllithium) was added at -78 to 10 °C, preferably -30°C 
to ice-cooling, and then the resulting mixture is stirred for 15 minutes to 1 hour, preferably 

10 15 to 30 minutes. R 6 -CHO is added to the above mixture and the mixture was stirred 
further 15 minutes to lhour, preferably 15 to 30 minutes. The compound (XXXIX) is 
obtained by the usual work-up. 
(Step 2) 

The present step is a step wherein the hydroxyl group at Opposition of 
15 pyrrolo[l,2-a]pyrazine is reduced, and converted into methylene group. The reaction can 
be conducted in accordance with the method described in Tetrahedron, 51, 11043 (1995) 
(The disclosure of which are incorporated herein by reference). Alternatively, the 
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reaction may be conducted in accordance with the above step 4 of Method A, a catalytic 
hydrogenation method by using a reduction catalyst such as palladium-carbon and source 
of hydrogen such as hydrogen gas, ammonium formate (refer to Synth. Commun., 22, 
2673 (1992), The disclosure of which are incorporated herein by reference), a method by 
5 using samarium iodide (refer to Tetrahedron Lett., 30, 2945 (1989), The disclosure of 
which are incorporated herein by reference) and the like. 
(Step 3) 

The present step can be carried out in the same manner as that described in step 5 
of Method A. 
10 (Step 4) 

The present step can be carried out in the same manner as that described in step 6 
of Method A. 
(Step 5) 

The present step is a step wherein chloro group at Cl-position of pyrrolo[l,2- 
15 a]pyrazine is converted to sulfonyl group. The compound (XLII) is dissolved in an 
alcoholic solvent such as ethanol or dimethyl sulfoxide, a sulfinate salt (for example, 
sodium p-toluenesulfinate) was added, and then the resulting mixture is stirred at 10 to 
150°C, preferably 50 to 100°C, for 1 to 18 hours, preferably 3 to 8 hours. The catalytic 
amount of acid (for example, hydrochloric acid) may be added preferably. The compound 
20 (XLIII) is obtained by the usual work-up. 
(Step 6) 

The present step can be carried out in the same manner as that described in step 7 
of Method A. 
(Step 7) 

25 The present step can be carried out in the same manner as that described in step 8 

of Method A. 
(Method H) 
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(LIV) (LV) 



wherein R\ R 2 , R 22 , L 4 , X, Y and Hal are as defined above, R 32 and R 3S are C1-C3 alkyl, R 3 
is lower alkyl, or a group which forms 1,3-dioxolane ring or 1,3-dioxane ring together with 
5 the adjacent oxygen atoms, R 34 is hydrogen atom, C1-C6 alkyl, C7-C12 aralkyl, C1-C6 
alkyloxy, C1-C6 alkylthio, C1-C6 hydroxyalkyl, C2-C6 haloalkyloxy, halogen, carboxy, 
C1-C6 alkyloxicarbonyl, aryloxy, arylthio, a carbocyclic group or a heterocyclic group, 
Met is metal. 
(Step 1) 

10 The compound (XLVI) is dissolved in a solvent such as dimethylfomamide, an 

alkyl halide derivative (for example, bromoacetaldehyde ethyleneacetal and the like) and a 
base (for example, potassium carbonate, potassium t-butoxide, sodium hydride and the 
like) are added , and then the resulting mixture is stirred at 10 to 80°C, preferably 20 to 60 
°C, for 3 to 80 hours, preferably 5 to 70 hours. The compound (XLVII) is obtained by 
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the usual work-up. 
(Step 2) 

The present step is a step of decarboxylation reaction. The compound (XLVII) 
is dissolved in a solvent such as dimethyl sulfoxide, a reagent such as potassium acetate, 
5 sodium acetate are added, and then the resulting mixture is stirred at 20 to 200°C, 
preferably 100 to 180 °C, for 1 to 20 hours, preferably 3 to 15 hours. The compound 
(XLVHI) is obtained by the usual work-up. 
(Step 3) 

The present step is a step of addition reaction of alkyl metal reagent to nitrile 
10 group. A solution of the compound (XLVIII) in diethyl ether, tetrahydroftiran, 

dimethoxyethane or the like is added to Grignard reagent (R l MgHal, Hai is halogen) or a 
solution of R'Li in diethyl ether, tetrahydrofuran or dimethoxyethane at -20 to 30°C, and 
the mixture is stirred at 0 to 70°C, preferably 20 to 60°C, for 1 to 20 hours, preferably 2 to 
10 hours. The compound (IL) is obtained by the usual work-up by using an acid such as 
15 diluted sulfuric acid. 
(Step 4) 

The present step is a step for constructing pyrrole ring. The compound (IL) is 
dissolved in a solvent such as tetrahydrofuran, substituted allylamine and a catalytic 
amount of an acid (for example, IN hydrochloric acid) are added, and then the mixture is 

20 stirred at 0 to 100°C, preferably 0 to 50°C, for 1 to 5 hours, preferably 1 to 2 hours. The 
compound (L) is obtained by the usual work-up. Alternatively, the compound (IL) is 
converted into ketoaldehyde derivative by hydrolysis of acetal portion using an acid such as 
hydrochloric acid in a solvent such as tetrahydrofuran. Subsequently, the mixture is 
treated with substituted allylamine in a suitable solvent at 0 to 100°C, preferably 0 to 50°C, 

25 for 1 to 5 hours, preferably 1 to 2 hours to obtain the compound (L). 
(Step 5) 

The present step is a step for introducing alkoxycarbonyl group to pyrrole ring. 
The reaction can be carried out as described in step 3 of Method A by using 
chlorocarbonate. Alternatively, the compound (L) is converted into trichloroacetyl form 
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by stirring it with trichloroacetyl chloride in a solvent such as tetrahydrofuran at 0 to 100°C, 
preferably 10 to 40°C, for 1 to 5 hours, preferably 1 to 2 hours. Subsequently, in a 
suitable alcohol, the mixture is treated with metal alkoxide of the same alcohol at 0 to 
100°C, preferably 10 to 60°C, for 1 to 5 hours, preferably 1 to 2 hours to obtain the 
5 compound (LI). 
(Step 6) 

The present step is a step for constructing pyrrolomorpholine ring by iodo 
lactonization reaction. The compound (LI) is dissolved in a solvent such as acetonitrile, 
iodine was added, and the mixture is stirred at 0 to 50°C, preferably 10 to 30°C, for 1 to 10 
10 hours, preferably 1 to 3 hours. The compound (LII) is obtained by the usual work-up. 
(Step 7) 

The present step is a step for forming double bond by eliminating HI. The 
compound (LII) is dissolved in a solvent such as toluene, acetonitrile, tetrahydrofuran, a 
base such as l,8-diazabicyclo[5.4.0]-7-undecene is added, and the mixture is stirred at 0 to 
15 100°C, preferably 20 to 80°C, for 1 to 5 hours, preferably 1 to 3 hours. The compound 
(LIII) is obtained by the usual work-up. 
(Step 8) 

The present step is a step for constructing pyrrolo[l,2-a]pyrazine ring, and can be 
conducted in accordance with the method described in J. Org. Chem., 53, 4650 (1988) 

20 (The disclosure of which are incorporated herein by reference). The compound (LIII) is 
dissolved in an alcoholic solvent or a solvent such as acetonitrile, tetrahydrofuran, a source 
of ammonia such as ammonium acetate is added, and the mixture is stirred at 0 to 100°C, 
preferably 20 to 80°C, for 3 to 24 hours, preferably 5 to 18 hours. The compound (LIV) 
is obtained by the usual work-up. 

25 (Step 9) 

The present step can be carried out in the same manner as those described in steps 
6 to 8 of Method A. 
(Method I) 
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NH 2 



wherein R 2 , R«, R 22 , R 26 , R M , L 4 , X, Y and Hal are as defined above. 
(Step 1) 

5 The present step can be carried out in the same manner as that described in step 3 

of Method A. 
(Step 2) 

The present step can be carried out in the same manner as that described in step 4 
of Method A. 
10 (Step 3) 

The present step is a step of allylation of nitrogen at Nl-position of pyrrole. The 
compound (LVII) is dissolved in a solvent such as tetrahydrofuran, dimethylformamide, 
allyl halide derivative and a base (for example, sodium hydride, potassium carbonate) is 
added, and the mixture is stirred at 0 to 100°C, preferably 0 to 50°C, for 1 to 10 hours, 
15 preferably 1 to 3 hours. The compound (LVIII) is obtained by the usual work-up. 
(Step 4) 

The present step can be carried out in the same manner as those described in steps 

6 to 9 of Method H. 

Where a compound of the present invention has an acidic or basic functional 
20 group, a variety of salts each having higher water solubility and more physiologically 
suitable properties than those of the original compound can be formed. An example of 
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typical pharmaceutical acceptable salts includes salts with alkali metal and alkaline earth 
metal such as lithium, sodium, potassium, magnesium, aluminum and the like, but it is to be 
noted that such pharmaceutical^ acceptable salts are not limited thereto. A salt is easily 
manufactured from a free acid by either treating an acid in a solution with a base, or 
5 allowing an acid to be in contact with an ion exchange resin. Addition salts of the 
compounds according to the present invention with relatively non-toxic inorganic bases 
and organic bases, for example, amine cation, ammonium, and quaternary ammonium 
derived from nitrogenous bases having a basicity sufficient for forming a salt of the 
compounds of the present invention are included in the definition of "pharmaceutical^ 

10 acceptable salts", (e.g., S. M Berge et al., "Pharmaceutical Salts, "J. Phar. Sci., 66, 1-19 
(1977)) Furthermore, basic groups of a compound according to the present invention are 
reacted with a suitable organic or inorganic acid to form salts such as acetates, 
benzenesulfonates, benzoates, bicarbonates, bisulfates, bitartarate, borates, bromides, 
camcyrates (phonetic), carbonates, chlorides, clubranates (phonetic), citrates, edetates 

15 (phonetic), edicirates (phonetic), estrates (phonetic), ethylates, fluorides, fumarates, 
gluseptates (phonetic), gluconates, glutamates, glycolialsanyrates (phonetic), 
hexylresorcinates, hydroxynaphthoates, iodides, isothionates, lactates, lactobionates, 
laurates, malates, malseates (phonetic), manderates (phonetic), methylates, 
methylbromides, methylnitrates, methylsulfates, mucates, napcylates (phonetic), nitrates, 

20 oleates, oxarates, palmitates, pantothenates, phosphates, polygalacturonates, salicirates, 
stearates, subacetates (phonetic), sucinates (phonetic), tanates (phonetic), tartrates, 
tosylates, trifluoroacetates, trifluoromethanesulfonates, valerates and the like. In case of 
forming a hydrate, a questioned compound may be coordinated with a suitable number of 
water molecules. 

25 In the case where a compound of the present invention has one or more of chiral 

center(s), it may exist as an optically active member. Likewise, in the case where a 
compound contains alkenyl or alkenylene, there is a possibility of cis- and trans-isomers. 
Mixtures of R- and S-isomers as well as of cis- and trans-isomers, and mixtures of R- and 
S-isomers containing racemic mixture are included in the scope of the present invention. 
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Asymmetric carbon atom may exist also in a substituent such as aDcyl group. All such 
isomers are included in the present invention together with these mixtures. In the case 
where a specified streoisomer is desired, either it is manufactured by applying a manner 
which has been well known by those skilled in the art wherein a starting material having an 
5 asymmetrical center which has been previously separated is subjected to stereospecific 
reaction to the starting material, or it is manufactured by preparing a mixture of 
stereoisomers, and thereafter separating the mixture in accordance with a well-known 
manner. For example, a racemic mixture may be reacted with a single enantiomer of 
some other compound. This changes the racemic form into a mixture of diastereomers 

10 and diastereomers, because they have different melting points, different boiling points, and 
different solubilities can be separated by conventional means, such as crystallization. 

Prodrug is a derivative of the compound having a group which can be 
decomposed chemically or metabolically, and such prodrug is a compound according to the 
present invention which becomes pharmaceutical^ active by means of solvolysis or by 

15 placing the compound in vivo under a physiological condition. Although a derivative of 
the compounds according to the present invention exhibits activity in both forms of acid 
derivative and basic derivative, acid derivative is more advantageous in solubility, tissue 
affinity, and release control in mammal organism (Bungard, H., Design of Prodrugs, pp. 7- 
9, 21-24, Elsevier, Amsterdam, 1985). Ester prodrugs are well known (see, Silverman, 

20 Richard B, The Organic Chemistry of Drug Design and Drug Action, Chapter 8, New 
York, NY Academic Press, ISBN 0-12-643730-0) and are a preferred prodrug form for 
the compounds of this invention and also for prodrugs used in the method of treating 
Inflammatory Disease as taught herein. For instance, prodrugs each containing an acid 
derivative such as an ester which is prepared by reacting a basal acid compound with a 

25 suitable alcohol, or an amide which is prepared by reacting a basal acid compound with a 
suitable amine are well known by those skilled in the art. Simple aliphatic or aromatic 
esters derived from acid groups contained in the compounds according to the present 
invention are preferable prodrugs. Particularly preferred esters as prodrugs are methyl, 
ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, morpholino ethyl, and 
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N, N-diethylglycolamido . 

Methyl ester prodrugs may be prepared by reaction of the sodium salt of a 
compound of Formula (I) (in a medium such as dimethylformamide) with iodo methane 
(available from Aldrich Chemical Co., Milwaukee, Wisconsin USA; Item No. 28,956-6). 
5 Ethyl ester prodrugs may be prepared by reaction of the sodium salt of a 

compound of Formula (I) (in a medium such as dimethylformamide) with iodo ethane 
(available from Aldrich Chemical Co., Milwaukee, Wisconsin USA; Item No. 1-778-0). 

N,N-diethylglycolamido ester prodrugs may be prepared by reaction of the 
sodium salt of a compound of Formula (I) (in a medium such as dimethylformamide) with 
10 2-chloro-N,N-diethylacetamide (available from Aldrich Chemical Co., Milwaukee, 
Wisconsin USA; Item No. 25,099-6). 

Morpholinylethyl ester prodrugs may be prepared by reaction of the sodium salt 
of a compound of Formula (I) (in a medium such as dimethylformamide) with 4-(2- 
chloroethyl)morpholine hydrochloride (available from Aldrich Chemical Co., Milwaukee, 
15 Wisconsin USA, Item No. C4,220-3). 

Double ester such as (acyloxy)alkyl ester or ((alkyloxycarbonyl)oxy)alkyl ester 
type prodrugs may be optionally manufactured. 

The term "inhibit" means that release of fatty acid started by sPLA^ decreases 
significantly by the compounds of the present invention from viewpoint of prevention and 
20 treatment of disease. The term "pharmaceutically acceptable" means that carriers, 

diluents, or additives are compatible with other ingredients in a formulation and are not 
harmful for recipients. 

The compounds of the present invention exhibit sPLA inhibiting activity as per 
the description of the experimental examples which will be described hereinafter. 
25 Accordingly, when a curatively effective amount of the compounds represented by the 

formulae (I), (II), (III), and (IV), the prodrug derivatives thereof, or their pharmaceutically 
acceptable salts, or their solvates is administered to any of mammals (including human 
being), it functions effectively as a curative medicine for diseases of septic shock, adult 
respiratory distress syndrome, pancreatitis, injury, bronchial asthma, allergic rhinitis, 
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chronic rheumatism, arterial sclerosis, cerebral hemorrhage, cerebral infarction, 
inflammatory colitis, mange, cardiac failure, cardiac infarction. 

The compounds of the present invention may be administered to a patient through 
a variety of routes including oral, aerosol, rectal, percutaneous, subcutaneous, intravenous, 

5 intramuscular, and nasal routes. A formulation according to the present invention may be 
manufactured by combining (for example, admixing) a curatively effective amount of a 
compound of the present invention with a pharmaceutical^ acceptable carrier or diluent. 
The formulation of the present invention may be manufactured with the use of well-known 
and easily available ingredients in accordance with a known method. 

10 In case of manufacturing a composition according to the present invention, either 

active ingredients are admixed with a carrier, or they are diluted with a carrier, or they are 
contained in a carrier in the form of capsule, sacheier (phonetic), paper, or another 
container. In case of functioning a carrier as a diluent, the carrier is a solid, semi-solid, or 
liquid material which functions as a medium. Accordingly, a formulation according to the 

15 present invention may be produced in the form of tablet, pill, powder medicine, intraoral 
medicine, elixir agent, suspending agent, emulsifier, dissolving agent, syrup agent, aerosol 
agent (solid in liquid medium), and ointment. Such a formulation may contain up to 10% 
of an active compound. It is preferred to prepare a compound according to the present 
invention prior to administration. 

20 Any suitable carrier which has been well known by those skilled in the art may be 

used for the formulation. In such formulation, a carrier is in the form of solid, liquid, or a 
mixture of solid and liquid. For instance, a compound of the present invention is 
dissolved into 4% dextrose/0.5% sodium citrate aqueous solution so as to be 2 mg/ml 
concentration for intravenous injection. Solid formulation includes powder, tablet, and 

25 capsule. Solid carrier consists of one or more of material(s) for serving also as fragrant, 
lubricant, dissolving agent, suspension, binder, tablet disintegrator, capsule. A tablet for 
oral administration contains a suitable excipient such as calcium carbonate, sodium 
carbonate, lactose, calcium phosphate and the like together with a disintegrator such as 
corn starch, alginic acid and the like and/or a binder such as gelatin, acacia and the like, and 
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a lubricant such as magnesium stearate, stearic acid, talc and the like. 

In a powder medicine, a carrier is a finely pulverized solid which is blended with 
finely pulverized active ingredients. In a tablet, active ingredients are admixed with a 
carrier having required binding power in a suitable ratio, and it is solidified in a desired 
5 shape and size. Powder medicine and tablet contain about 1 to about 99% by weight of 
the active ingredients being novel compounds according to the present invention. An 
example of suitable solid carriers includes magnesium carbonate, magnesium stearate, talc, 
sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth gum, methyl cellulose, sodium 
carboxymethylcellulose, low-melting wax, and cocoa butter. 

10 An axenic liquid formulation contains suspending agent, emulsifier, syrup agent, 

and elixir agent. Active ingredients may be dissolved or suspended into a 
pharmaceutical^ acceptable carrier such as sterile water, a sterile organic solvent, a 
mixture thereof and the like. Active ingredients may be dissolved frequently into a 
suitable organic solvent such as propylene glycol aqueous solution. When finely 

15 pulverized active ingredients are dispersed into aqueous starch, sodium 

carboxylmethylcellulose solution, or suitable oil, the other compositions can be prepared. 

A lyophilized preparation may be prepared by dissolving active ingredients in a 
solution such as water, if necessary, with a solubilizer such as citric acid, edetic acid, 
polyphosphoric acid and their salts and a stabilizer such as mannitol, xylitol, sorbitol, 

20 glucose, fructose, lactose and maltose and lyophilizing it. 

While a dosage differs dependent upon a state of disease, a route of 
administration, patient's age, and a body weight, it is usually 0.01 to 50 mg/kg/day in case 
of oral administration in adult. 

The method of the invention for inhibiting sPLAj mediated release of fatty 

25 acids comprises contacting mammalian sPLA 2 with a therapeutically effective amount of 
a pyrrolo[l,2-a]pyrazine sPL^ inhibitors (and formulation containing such inhibitors) 
as taught, supra. 

Preferably compounds of the invention (per Formula (I) or (II) or (III) or (IV) or 
pharmaceutical formulations containing these compounds) are in unit dosage form for 
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administration to a mammal. The unit dosage form can be a capsule or tablet itself, or the 
appropriate number of any of these. The quantity of Active ingredient in a unit dose of 
composition may be varied or adjusted from about 0.1 to about 1000 milligrams or more 
according to the particular treatment involved. It may be appreciated that it may be 
5 necessary to make routine variations to the dosage depending on the age and condition of 
the patient. The dosage will also depend on the route of administration. 

The improved method of treatment for sepsis using the pyrrolo[l,2-a]pyrazine 
sPLAj inhibitors (and formulation containing such inhibitors) may be practiced as follows: 
The inhibitors of this invention are given by injection, either subcutaneously or 
10 into muscle tissue or by injection into a vein. Intravenous injection is the preferred mode 
of delivery to the mammal being treated and offers the advantage of a quick effect and 
rapid access into the circulation system, particularly in emergency situations. 

It may be appreciated that it may be necessary to make routine variations to the 
dosage depending on the age and condition of the patient. The specific dose of a 
15 compound administered according to this invention to obtain therapeutic or prophylactic 
effects will, of course, be determined by the particular circumstances surrounding the case, 
including, for example, the compound administered, the route of administration and the 
condition being treated. Typical daily doses will contain a non-toxic Compound (I) 
dosage level of from about 0.01 mg/kg to about 50 mg/kg of body weight of an Active 
20 ingredient of this invention. 

This invention is a method of treating or preventing Inflammatory diseased, (e.g., 
sepsis, rheumatoid arthritis, osteoarthritis, asthma) by administering to a mammal in need 
thereof a therapeutically effective amount inhibitor. The administration to a septic patient 
may be either continuous or intermittent. 
26 The decision to begin the therapy for sepsis will be based upon the appearance of 

the clinical manifestations of sepsis or laboratory tests which show initiation of the sepsis 
cascade (inclusive of renal complications or coagulation abnormalities or multiple organ 
failure). Typical clinical manifestations are fever, chills, tachycardia, tachypnea, altered 
mental state, hypothermia, hyperthermia, accelerated or repressed breathing or heart rates, 
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increased or decreased white blood cell count, and hypotension. These and other 
symptoms are well known in the art as set out in standard references such as, Harrison's 
Principles of Internal Medicine (ISBN 0-07-032370-4) 1994, pages 511-515. 

The decision to determine the length of therapy may be supported by standard 

5 clinical laboratory results from commercially available assays or instrumentation 
supporting the eradication of the symptoms defining sepsis. The method of the 
invention may be practiced by continuously or intermittently administering a 
therapeutically effective dose of the inhibitor. The administration can be conducted for 
up to a total of about 60 days with a preferred course of therapy lasting for up to 10 days. 

10 The decision to end therapy by the method of the invention may be supported by 

standard clinical laboratory results from commercially available assays or instrumentation 
or the disappearance of clinical symptoms characteristic of sepsis. The therapy may be 
restarted upon the return of sepsis. Pediatric forms of sepsis are also successfully treated 
by the methods, compounds, and formulations of this invention. 

15 When the compound of the present invention is a crystallized, it may show various 

crystal forms and crystal habits. 

The present invention will be described in more detail in conjunction with 
examples and test examples hereinafter, but it is to be noted that the present invention is 

not limited thereto. 
20 In the examples, the following abbreviations are used. 

Me : methyl 
Et : ethyl 
Pr : propyl 
Bu : butyl 
25 Ph : phenyl 

DBU : l,8-diazabicyclo[5.4.0]-7-undecene 

Boc : t-butyloxycarbonyl 
DMSO : dimethylsulfoxide 
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Best Mode for Carrying Out the Invention 

Example 1 




1-1 

5 Example 1 - Step 1 

A mixture of 720 mg (5.81 mmol) of compound (1) and 904 mg (6.00 mmol) of 
l-bromo-2-butanone was warmed at 60°C for 20 hours to obtain a quaternary salt 
(compound (2)). 

NMR (CDC1 3 ) 6 1.17(1, J=7.2Hz, 3H), 2.77(s, 3H), 2.94(q, J=7.2 Hz, 2H), 4.19(s, 3H), 
10 6.93(s, 2H), 8.57(d, J=3.9 Hz, 1H), 9.17(d, J=3.9 Hz, 1H). 
Example 1 - Step 2 

To the crude compound (2) obtained in the step 1 were added 22 ml of 1,2- 
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dichloroethane and 1.32 g (8.72 mmol) of DBU, and the resulting mixture was heated at 
70°C and stirred in an oil bath for 20 hours. To the reaction solution were added 
chloroform, water, and brine to separate an organic layer, and an aqueous layer was further 
extracted with chloroform. The organic layer was combined, dried over magnesium 
5 sulfate, thereafter the solvent is removed, and the residue was subjected to silica gel 

column chromatography. The fractions eluting with chloroform - methanol (100:1) were 
collected to give compound (3) (750 mg, 74% yield) as an oil. 

NMR (CDC1 3 ) 6 1.27(1, J=7.4 Hz, 3H), 2.69(q, J=7.4 Hz, 2H), 4.04(s, 3H), 6.62(s, 1H), 
7.00-7.03(m, 1H), 7.16(d, J=0.8 Hz, 1H), 7.39-7.42(m, 1H). 

10 Example 1- Step 3 

The compound (3) (2.4 g (13.6 mmol)) was dissolved in 15 ml of benzoyl chloride, 
and 5.42 g (40.8 mmol) of aluminum chloride was added to the solution at an internal 
temperature of -10°C to 0°C over 10 minutes. The resulting mixture was further stirred 
at 5°C for 15 hours. The reaction solution was poured into a mixed solution of ice-water 

1 5 and chloroform. The organic layer was separated and the aqueous layer was extracted 
with chloroform. The organic layer was washed with aqueous sodium bicarbonate and 
brine, dried over magnesium sulfate, and concentrated in vacuo and the residue was 
subjected to silica gel chromatography. The fractions eluting with chloroform - methanol 
(40:1) were collected to give compound (4) (2.68 g, 75% yield) as a crystal. The 

20 resulting crystal was recrystallized from ether and hexane. Melting point: 83 - 84°C. 
Elemental Analysis C 17 H l6 N 2 0 2 , 
Calcd.: C, 72.84; H, 5.75; N, 9.99 
Found: C/72.94; H, 5.78; N, 10.16 

NMR (CDCI3) 5 1.08(1, J=7.4 Hz, 3H), 2.33(q, J=7.4 Hz, 2H), 4.10(s, 3H), 6.72(s, 
25 1H), 7.31(s, 1H), 7.44-7.70(m, 5H), 8.66(d, J=0.9 Hz, 1H). 
IR (CHCI3) 1615 cm 1 . 
Example 1 - Step 4 

To a solution of 240 mg (1.8 mmol) of aluminum chloride in 12 ml of methylene 
chloride was added 312 mg (3.6 mmol) of boron-t-butylamine complex under ice-cooling 
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over 3 minutes. The resulting mixture was stirred under the same condition as described 
above for 10 minutes. To the resulting mixture was added dropwise a solution of 168 mg 
(0.6 mmol) of the compound (4) in 2.5 ml of methylene chloride under ice-cooling, 
thereafter the mixture was stirred for 20- minutes, and further stirred at room temperature 
for 3 hours. To the reaction mixture were added chloroform, ice-water, and diluted 
hydrochloric acid, the admixture was stirred for several minutes, thereafter the organic 
layer was separated, and the aqueous layer was further extracted with chloroform. The 
organic layer was washed with brine, dried over magnesium sulfate, and concentrated in 
vacuo. The residue was subjected to alumina column chromatography. The fractions 
eluting with chloroform - hexane (2:1) were collected to give compound (5) (99 mg, 62% 
yield). 

The compound was recrystallized from ether and hexane. Melting point: 56 - 

57°C. 

Elemental Analysis C l7 H, 8 N 2 0, 
Calcd.: C, 76.66; H, 6.81; N, 10.52 
Found: C, 76.47; H, 6.80; N, 10.53 

NMR (CDC1,) 6 1.27(1, J=7.5 Hz, 3H), 2.69(q, J=7.5 Hz, 2H), 4.04(s, 3H), 4.21(s, 2H), 
6.73(s, 1H), 6.95-7.29(m, 7H). 
Example 1 - Step 5 

To 1.7 g (6.38 mmol) of the compound (5) was added 51 ml of concentrated 
hydrochloric acid, and the resulting mixture was heated and stirred in an oil bath at 110°C 
for 140 minutes. The reaction mixture was concentrated in vacuo. The residue was 
poured into a mixed solution of ice-water and chloroform, and sodium bicarbonate (12g) 
was gradually added to the mixture. The organic layer was separated and the aqueous 
layer was further extracted with chloroform. The organic layer was washed with brine, 
dried over magnesium sulfate, and concentrated in vacuo to obtain crude crystal of 
compound (6) (1.44 g, 89% yield). The crude crystal can be used for the next step. The 
crude crystal was recrystallized from ethyl acetate to give the compound of which melting 
point is 204 - 207°C. 
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Elemental Analysis as C l7 H, 8 N 2 0 2) 
Calcd.: C, 72.32; H, 6.43; N, 9.92 
Found: C, 72.11; H, 6.48; N, 9.98 

NMR (CDC1 3 ) 6 1.24(1, J=7.6 Hz, 3H), 2.62(q, J=7.6 Hz, 2H), 4.16(s, 2H), 6.35- 
5 6.41(m, 1H), 6.69-6.72(ra, 1H), 7.01-7.29(m, 6H), 9.97(brs, 1H). 
IR (CHC1 3 ) 3419, 3164, 1647 cm -1 . 
Example 1 - Step 6 

To 1.18 g (4.68 mmol) of the compound (6) was added 35 ml of phosphorous 
oxychloride and the mixture was refluxed in oil bath for 4 hours. The residue obtained by 

10 distilling off excess phosphorus oxychloride was dissolved in chloroform, and the mixture 
was poured into ice-water. The resulting mixture was extracted with chloroform. The 
organic layer was washed with water, dried over magnesium sulfate, and concentrated in 
vacuo. The resulting residue was subjected to silica gel column chromatography. The 
fractions eluting with chloroform - methanol (50:1) were collected to give compound (7) 

16 (1.15 g, 91% yield) as an oil. 

NMR (CDC1 3 ) 6 1.31(t, J=7.8 Hz, 3H), 2.75(q, J=7.8 Hz, 2H), 4.25(s, 2H), 6.87(s, 1H), 
6.99-7.02(m, 2H), 7.17-7.38(m, 5H). 
Example 1 - Step 7 

To a suspension of methyl glycolate (2 ml) and sodium (200 mg (8.70 mmol)) 
20 were added successively a solution of 250 mg (0.923 mmol) of compound (7) in 1 ml of 
methyl glycolate, and 25 mg of sodium p-toluenesulfinate, and the resulting mixture was 
heated at 90°C in oil bath for 20 hours. The reaction mixture was diluted with 
chloroform and brine was added to the resulting mixture. The organic layer was 
separated and the aqueous layer was further extracted with chloroform. The organic 
25 layer was dried over magnesium sulfate and concentrated in vacuo. The residue was 

subjected to silica gel column chromatography. The fractions eluting with ethyl acetate - 
hexane were collected to give compound (8) (245 mg, 82% yield) as an oil. 
NMR (CDClj) 6 1.28(1, J=7.5 Hz, 3H), 2.71(q, J=7.5 Hz, 2H), 3.78(s, 3H), 4.22(s, 2H), 
5.01(s, 2H), 6.83(s, 1H), 6.89-7.29(m, 7H). 
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Example 1 - Step 8 

To a solution of 245 mg (0.756 mmol) of compound (8) in 11 ml of 1,2- 

dichloroethane were added 480 mg (3.78 mmol) of oxalyl chloride and 382 mg (3.78 

mmol) of N-methylmorpholine, and the resulting mixture was heated at 50°C in oil bath for 
5 4 hours. The reaction mixture was poured into aqueous ammonia, and the mixture was 

stirred at room temperature for 10 minutes, and then extracted with chloroform. The 

organic layer was washed with brine, dried over magnesium sulfate, and concentrated in 

vacuo. The residue was subjected to alumina column chromatography. The fractions 

eluting with chloroform were collected to give compound (1-1) (137 mg, 46% yield) as a 
10 crystal. The crude crystal was recrystallized from a chloroform and methanol to obtain 

compound of which melting point is 151-152°C. 

Elemental Analysis C^H^NjOj, 

Calcd.: C, 63.79; H, 5.35; N, 10.63 

Found: C, 63.67; H, 5.56; N, 10.43 
15 NMR (CDd,) 8 1.21(t, J=7.5 Hz, 3H), 2.85(q, J=7.5 Hz, 2H), 3.75(s, 3H), 4.24(s, 2H), 

4.97(s, 2H), 5.70(brs, 1H), 6.68(brs, 1H), 7.06-7.14(m, 3H), 7.23-7.31(m, 4H). 

IR (CHClj) 3515, 3401, 1762, 1702, 1655 cm' 1 . 

Example 2 



20 



MeO. 




HO. 



Stepl 
85% 



O 



1-2 



Et 



Example 2 - Step 1 

To a solution of 110 mg (0.278 mmol) of compound (1-1) in 15 ml of methanol 
was added 0.56 ml (0.556 mmol) of 1 N sodium hydroxide, and the resulting mixture was 
25 stirred at room temperature for 1 8 hours. The reaction mixture was concentrated in 
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vacuo, and ice-water was added to the residue. To the resulting mixture was added 1 N 
hydrochloric acid (0.65 ml) and stirred at room temperature. The precipitated crystal was 
collected by filtration to give compound (1-2) (90 mg, 85% yield). The resulting crude 
crystal was recrystallized from methanol and chloroform to give compound of which 

5 decomposition point is 211 - 213°C 

NMR (DMSO-d,) 6 1.07(t, J=7.2 Hz, 3H), 2.77(q, J=7.2 Hz, 2H), 4.34(s, 2H), 4.65(s, 
2H), 7.10-7.31(m, 6H), 7.46(brs, 1H), 7.73(d, J=4.8 Hz, 1H), 8.03(brs, 1H). 
IR (KBr) 3425, 1709, 1668, 1640 cm' 1 . 

The compounds (1-3) to (1-36) which were shown in Tables 1 to 4 were 

10 synthesized in a manner similar to those described in Examples 1 and 2. 
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Table 1 




Compo- 
und No. 


RS6 


R37 


R38 


Melting 
point 
CO 


iH-NMR: S 
CDCls(R'=Me), DMSO-cfefl^H) 


1-3 


Me 


cyclopropyl 


d 


177-179 


3.75 (s, 3H), 4.38 (a 2H). 4.96 
(s,2H), 7.09 (d, J = 4.8 Hz. 1H), 
7.17 (d, J = 4.8 Hz. 1H) 


1-4 


H 


cyclopropyl 


d 


189-191 


4.42 (s. 2H), 4.79 (s, 2H). 7.19 
(d, J =5.1 Hz, 1H), 7.71 (d. J = 
5.1 Hz. 1H) 


1-5 


Me 


Et 


<r 


165-166 


3.76 (s, 3H), 4.38 (s. 2H). 4.97 
(s, 2H), 7.19 (d, J = 4.8 Hz. 1H), 
7.38 (d, J = 4.8 Hz. 1H) 


1-6 


H 


Et 




225-227 


4.55 (s, 2H), 4.81 (s, 2H). 7.29 
(d, J = 4.8 Hz, 1H), 7.92 (d. J = 
4.8 Hz, 1H) 


1-7 


Me 


Et 


6 


162-163 


2.69 (d, J = 7.5 Hz, 2H), 3.76 (s, 
oxjn a qa ( R 2H^ 7 24 (d J = 
4.8 Hz, 1H), 7.43 (d, J = 4.8 Hz, 

im 


1-8 


H 


Et 


6 


205-206 


2.78 (d; J = 7.0 Hz, 2H), 4.80 (s, 
2H), 7.29 (d, J = 4.8 Hz. 1H), 
7.98 (d, J = 4.8 Hz, 1H) 


1-9 


Me 


Et 


MeO-^ 


154-155 


3.75 (s, 3H), 3.76 (s, 3H). 4.20 
(s, 2H), 4.96 (s, 2H), 7.13 (d. J = 
4.8 Hz, 1H), 7.26 (d, J = 4.8 Hz, 
lffi 


MO 


H 


Et 




196- 
1 197.5 


3.71 (s, 3H), 4.32 (s, 2H). 4.81 
(s,2H), 7.26 (d, J = 4.8 Hz. 1H), 
7.80 (d, J = 4.8 Hz, 1H) 
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Table 2 




Compo- 
und No. 


R36 


R37 


R38 


point (°C) 


iH-NMR: 6 
CDClaOt^MeV DMSO-cWR l =H) 


Ml 


Me 


Et 




144-148 


3.75 (s, 3H). 4.37 (s, 2H), 4.97 
(s,2H), 7.11 (d, J = 6.1 Hz. 1H), 

7.24 (a, o — O.l riz, in; 


1-12 


H 


Et 




209-211 


4.49 (s, 2H). 4.82 (s, 2H), 7.25 
(d, J = 4.8 Hz. 1H). 7.85 (d, J = 
4.8 Hz. 1H) 


1-13 


Me 


Me 


d 


182-183 


2.44 (s. 3H). 3.75 (s, 3H). 4.22 
(s. 2H). 4.97 (s. 2H) 


1-14 


H 


Me 




207-208 


2.36 (s, 3H), 4.34 (s, 2H), 4.81 
(s, 2H) 


1-15 


Me 


Et 


cr 


165-166 


3.76 (s, 3H). 2.82 (d, J = 7.5 Hz, 
2H), 4.96 (s, 2H), 7.24 (d, J = 
4.8 Hz, 1H), 7.48 (d. J = 4.8 Hz, 
1H) 


1-16 


H 


Et 


cr 


203-205 


2.91 (d, J =7.8 Hz, 2H). 4.80 (s, 
2H), 7.29 (d. J = 4.8 Hz, 1H), 
8.01 (d. J = 4.8 Hz. 1H) 
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Table 3 




Compo- 
und No. 


R36 


RS7 


R38 


Melting 
point (°C) 


»H-NMR: 6 
CDClsffi l =Me). DMSO-cfe<R l =H) 


1-17 


Me 


Et 


6 


192-194 


2.17 (d, J = 0.9 Hz, 3H), 3.75 (s, 


TIC 


u 

n 






207-208 


2.18 (e, 3H), 4.33 (s, 2H), 4.81 
(s, 2H). 7.71 (s, 1H) 


1-19 


Me 


Et 


F 


167-168 


2.19 (d, J = 0.9 Hz. 3H), 3.76 (s, 
3H), 4.17 (s, 2H), 4.98 (s. 2H) 


1-20 


H 


Et 


d 

F J 




2.18 (d, J = 0.9 Hz, 3H), 4.31 (s, 
2H), 4.80 (s, 2H), 7.72 (d. J = 
0.9 Hz. 1H) 


1-21 


Me 


Et 


o-o 


164.5-165.5 


2.12 (d, J = 0.9 Hz, 3H), 3.73 (e, 
3H), 4.09 (e, 2H), 4.94 (s. 2H), 
7.72 (d. J = 0.9 Hz. 1H) 


1-22 


H 


Et 


_/ 

(j-O 


192-194 


2 1 4 (A J = 0 9 Hz 3H). 4.19 (s, 
2H), 4.80 (s, 2H) 


1-23 


Me 


Et 


cr 


135-136.5 


2.29 (d. J = 1.2 Hz. 3H), 2.78 (d, 
J = 7.5 Hz, 2H), 3.75 (s. 3H), 
4.96 (s, 2H), 7.28 (d, J = 1.2 Hz, 

im 


1-24 


H 


Et 




192-193 


2.26 (s, 3H), 2.87 (d, J = 7.5 Hz, 
2H>. 4.80 (s, 2H1 7.86 (s. 1H) 


1-25 


Me 


Et 




187-188 


2.20 (d, J = 0.9 Hz, 3H), 3.75 (s, 
3H), 4.20 (b, 2H). 4.97 (s, 2H) 


1-26 


H 


Et 




218-219 


2.20 (s, 3H), 4.33 (a, 2H). 4.81 
(s, 2H), 7.77 (s, 1H) 
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Table 4 



R^OaC 




Compo- 
und No. 


R36 


R37 


R38 


Melting 
point (°C) 


iH-NMR: 6 
CDCls(R>=Me\ DMSO-rf«at'=H) 


1-27 


Me 


Et 




134.5-136 


2.03 (d, J = 0.9 Hz, 3H), 3.74 (s, 
3H), 4.03 <s, 2H). 4.17 (s. 2H), 
4.94(6, 2H), 6.39 (d, J = 0.9 Hz, 
1H) 


1-28 


H 


Et 




180.5-182.5 


2.07 (d, J = 0.6 Hz, 3H), 4.19 (e, 
2H), 4.21 (s, 2H), 4.80 (s. 2H), 
7.04 (s, 1H) 


1-29 


Me 


Et 


do* 


147-149 


2.13 (d, J = 0.9 Hz, 3H), 3.74 (s, 
3H), 4.06 (s, 2H), 4.95 (s. 2H), 
6.75 (d, J = 0.9 Hz, 1H) 


1-30 


H 


Et 


do* 


175-177 


2.15 (s, 3H), 4.18 (e, 2H), 4.80 
(s. 2H). 7.36 (s. 1H) 


1-31 


Me 


Et 


F 


161-163 


2 21 I'd J = 0 9 Hz. 3H). 3.76 (e, 
3H), 4.15(s, 2H), 4.98 (e, 2H) 


1-32 


H 


Et 


F 


208-210 


2.20 (d, J = 0.9 Hz, 3H), 4.30 (e, 
2H), 4.81 (s, 2H), 7.78 (d, J = 
0.9 Hz, 1H) 


1-33 


Me 


Et 


0 

MeO 


189-190 


2.18 (e, 3H), 3.75 (s, 3H). 3.78 
(s, 3H), 4.14 (s, 2H), 4.97 (s, 
2H), 7.06 (s, 1H) 


1-34 


H 


Et 


MeO 


200-201.5 


2.18 (d, J = 0.6 Hz, 3H), 3.69 (s, 
3H), 4.24 (s, 2H), 4.80 (b, 2H), 
7.06 (8, 1H), 7.68 (d, J = 0.6 Hz, 
1H) 


1-35 


Me 


Et 




179.5-181 


2.19 (d, J = 0.9 Hz, 3H), 3.76 (e, 
3H), 4.20 (s, 2H), 4.97 (s, 2H), 
7.03 (d, J = 0.9 Hz. 1H) 


1-36 


H 


Et 




190.5-193 


2.19 (d, J = 0.9 Hz, 3H), 4.35 (s, 
2H), 4.81 (s, 2H), 7.74 (d, J = 
0.9 Hz, 1H) 
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Example 37 



Me0 2 C^Q 0 




Step 1 



34% 



Me0 2 C 

IN' T> 




Example 37 - Step 1 

5 To a solution of 1 76 mg (0.430 mmol) compound (1-17) which was synthesized 

from 2,5-dimethyl-3-methoxypyrazine (Heterocycles, 1992, 34(9), 1759-1771) in 
accordance with the same manner as that of Example 1 in 6 ml of 1,4-dioxane was added 
100 mg (0.860 mmol) of selenium dioxide, and the resulting mixture was refluxed for 9 
hours. The resulting mixture was concentrated in vacuo and the residue was subjected to 

10 silica gel chromatography. The fractions eluting with chloroform - methanol (40:1) were 
collected to give compound (1-37) (63 mg, 34% yield) as yellow crystal. 
Melting Point: 201-202°C. 
Elemental Analysis QaH^NjOg, 
Calcd.:C, 62.11; H, 5.45; N, 9.88 

15 Found: C, 62.11; H, 5.46; N, 9.84 

'H-NMR (CDC1 3 ) 6 1.20 (t, J = 7.5 Hz, 3H), 2.17 (brs, 1H), 2.84 (q, J = 7.5 Hz, 2H), 3.75 
(s, 3H), 4.23 (s, 2H), 4.43 (s, 2H), 4.97 (s, 2H), 5.56 (brs, 1H), 6.70 (brs, 1H), 7.03-7.10 
(m, 2H), 7.20-7.33 (m, 4H). 

IR (KBr) 3418, 3260, 1758, 1692, 1630, 1606, 1502, 1344, 1213, 1159 cm 1 . 
20 Example 38 
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MeO z C^O ^ 




Stepl 



88% 



HOzC^o °y 




1-37 



1-38 



Example 38 - Step 1 

To a solution of 19 mg of the compound (1-37) in 0.5 ml of methanol and 0.5 ml 

5 of tetrahydrofiiran was added 0.07 ml of 4 N sodium hydroxide at room temperature, and 
the resulting mixture was stirred at the same temperature for 1 hour. To the reaction 
mixture were added water and 1 ml of 1 N hydrochloric acid, and the resulting mixture was 
extracted with ethyl acetate. The organic layer was successively washed with water and 
brine, dried over sodium sulfate, and the concentrated in vacuo. The residue was 

10 recrystallized from ethyl acetate and hexane to give compound (1-38) (16 mg, 88% yield) 
as light yellow crystal. 
Melting Point 211 - 212°C. 
Elemental Analysis C^Hj^Os, 
Calcd.: C, 61.31; H, 5.14; N, 10.21 

15 Found: C, 61.16; H, 5.19; N, 10.13 

l H-NMR (DMSO-d 6 ) 6 1.07 (t, J = 7.5 Hz, 3H), 2.77 (q, J = 7.5 Hz, 2H), 4.31 (d, J = 3.0 
Hz, 2H), 4.35 (s, 2H), 4.81 (s, 2H), 5.31 (brs, 1H), 7.10 (d, J = 7.5 Hz, 2H), 7.21 (t, J = 
7.5 Hz, 1H), 7.30 (t, J = 7.5 Hz, 2H), 7.50 (brs, 1H), 7.68 (s, 1H), 7.89 (brs, 1H). 
IR (KBr) 3412, 1712, 1667, 1501, 1317, 1227, 1212, 1163 cm '. 

20 Example 39 
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NH 2 



OH 



Step 3 



86% 



StepS 



Step 8 



Step 1 



59% 



I r 



O 



HN 



O 

^SlHHCI 
12 



NHBoc 
OH 
10 

Step 4 
55% 




Step 2 



52% 



hnV 



13 



OMe 
N 
IS 



HN 



O 



NHBoc 



11 



Example 39 - Step 1 

L-valinol (9) (22.7 g (220 mmol)) was dissolved in 200 ml of acetonitrile. To the 
mixture was added a solution of 41 .7 g (220 mmol) of Boc-L-alanine in 100 ml of 
acetonitrile under ice-cooling. Thereafter, 46.6 g (242 mmol) of l-ethyl-3-(3- 
dimethylaminopropyO-carbodiimide hydrochloride was added, and the mixture was stirred 
at room temperature under nitrogen atmosphere for 24 hours. Acetonitrile was removed 
from the reaction mixture under reduced pressure, and the residue was poured into 100 ml 
of water, and extracted with ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate, and concentrated in vacuo. The residue (77.5 g) was 
poured into diluted aqueous hydrochloric acid. After pH was adjusted to 2 to 3, the 
whole was extracted again with ethyl acetate. The organic layer was washed with 
aqueous saturated sodium bicarbonate, dried over magnesium sulfate, and concentrated in 
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vacuo to obtain compound (10) (35.7 g, 59% yield) as colorless crystal. A Uttle 
quantities of the crystals were recrystallized from diethyl ether - hexane to obtain colorless 
needles. 

Melting Point: 96.0 - 97.0°C 
5 Elemental Analysis as CjjHmNjO*, 
Calcd.: C, 56.91; H, 9.55; N, 10.21 
Found: C, 56.77; H, 9.51; N, 10.14 

l H-NMR (CDC1 3 ) 6 0.94 (dd, J = 8.7, 6.9 Hz, 6H), 1.37 (d, J = 7.2 Hz, 3H), 1.45 (s, 9H), 
1.89 (m, 1H), 2.28 (brs, 1H), 3.57-3.77 (m, 3H), 4.14 (quint, J = 7.2 Hz, 1H), 5.05 (d, J = 
10 6.6 Hz, 1H), 6.50 (d, J = 7.5 Hz, 1H). 

IR (CHCy 3626, 3437, 1695, 1496, 1455, 1392, 1369, 1325 cm 1 . 

Example 39 - Step 2 

The compound (10) (31 .5 g (107 mmol)) was dissolved in 350 ml of ethyl acetate. 
To the mixture were successively added 167 mg (1.07 mmol) of TEMPO (2,2,6,6- 

15 tetramethylpiperidin-l-oxide), 1.27 g (10.7 mmol) of potassium bromide, and 268 ml of 
0.4 N aqueous NaOCl ( P H was adjusted to 9.60 with NaHC0 3 ) at -6 °C (internal 
temperature) and the resulting mixture was stirred at the same temperature. After 45 
minutes, the reaction mixture was poured into 100 ml of water, shaken, and extracted with 
ethyl acetate. The ethyl acetate layer was washed with brine, and the aqueous layer was 

20 further extracted with ethyl acetate. After drying the organic layers with magnesium 

sulfate, the solvent was removed under reduced pressure, and dried under reduced pressure 
to obtain 25.3 g of light cream-colored foam. The residue was dissolved in 200 ml of 
toluene, and the mixture was allowed to stand at room temperature for 2 hours. The 
reaction mixture was concentrated under reduced pressure, and the residue was subjected 

25 to silica gel chromatography. The fractions eluting with hexane - ethyl acetate (7:1) were 
collected to give compound (11) (14.1 g, 52% yield) as colorless crystal. A little 
quantities of the crystals were recrystallized from diethyl ether - hexane to obtain colorless 
prisms. 

Melting Point: 165.0 - 166.0°C. 
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Elemental Analysis CuH^Oj, 
Calcd.: C, 61.39; H, 8.72; N, 11.01 
Found: C, 61.33; H, 8.74; N, 10.95 

'H-NMR (CDC1 3 ) 6 1.15 (d, J = 6.9 Hz, 6H), 1.27 (d, J = 6.9 Hz, 3H), 1.50 (s, 9H), 2.39 
5 (m, 1H), 4.73 (m, 1H), 5.90 and 6.08 (each brs, total 1H), 7.89 (brs, 1H). 
IR (CHClj) 3408, 1685, 1472, 1454, 1437, 1395, 1370, 1325 cm'. 
Example 39 - Step 3 

To a suspension of 1.02 g (3.99 mmol) of compound (11) in 5 ml of ethyl acetate 
was added 10 ml (40.0 mmol) of 4 N hydrochloric acid in ethyl acetate, and the resulting 
1 0 mixture was stirred at room temperature. After 2 hours, the precipitated crystal was 
collected by filtration, and washed with ethyl acetate to obtain compound (12) (655 mg, 
86% yield) as colorless crystal. 

■H-NMR (CD 3 OD) 6 1.57 (d, J = 7.2 Hz, 3H), 1.77 (s, 6H), 3.92 (m, 1H), 4.13 (q, J = 7.2 
Hz, 1H), 4.30 and 4.35 (each s, total 1H). 

15 Example 39 - Step 4 

646 mg (3.39 mmol) of the compound (12) was dissolved in 2 ml of water, and 
sodium bicarbonate was gradually added to be alkaline. The reaction mixture was 
extracted with ethyl acetate, and further with dichloromethane. The organic layer was 
dried over magnesium sulfate, concentrated in vacuo, and dried under reduced pressure to 

20 obtain 517 mg of colorless crystal. The residue (517 g) was dissolved in 6.95 ml of 

cyclohexene and 1.4 ml of methanol, and 290 mg of 10% Pd-C was added to the mixture, 
and the resulting mixture was stirred at 80°C for 3.5 hours. After the reaction mixture 
was cooled to room temperature, Pd-C was filtered off. The filtrate was concentrated in 
vacuo. The residue (630 mg) was subjected to silica gel chromatography. The fractions 

26 eluting with toluene - ethyl acetate (1:1) were collected to give compound (13) (285 mg, 
55% yield) as colorless crystal. A little quantities of crystals were recrystallized from 
diethyl ether - hexane to obtain as colorless prisms. 
Melting Point: 133.0 - 134.0°C. 
Elemental Analysis CjH 12 N 2 0 • 0.1 H 2 0, 



62 



WO 99/51605 



PCT/JP99/01670 



Calcd: C, 62.40; H, 7.99; N, 18.19 
Found: C, 62.61; H, 7.98; N, 18.24 

l H-NMR (CDQ 3 ) 6 1.33 (d, J = 7.2 Hz, 6H), 2.42 (s, 3H), 2.84 (m, 1H), 7.17 (s, 1H), 
12.48 (brs, 1H). 

5 IR (CHC1 3 ) 3373, 1649, 1612, 1534, 1467, 1433, 1389, 1372 cm" 1 . 
Example 39 - Steps 5 and 6 

To 4.09 g (26.9 mmol) of the compound (13) was added 11.2 ml of phosphorus 
oxychloride, and the mixture was refluxed under nitrogen atmosphere for 1 hour. After 
cooling the reaction mixture, the mixture was gradually poured into 100 ml of ice-water 

10 and 60 ml of diethyl ether. To the mixture was added 45 ml of 28% aqueous ammonia to 
adjust pH to 5 to 6. About 40 ml of 5 N sodium hydroxide was further added thereto to 
be alkaline, and then extracted with diethyl ether. The organic layer was dried over 
magnesium sulfate, and the solvent was removed under normal pressure to obtain 5.38 g of 
compound (14) as brown oil. 

15 •H-NMR (CDQj) 6 1.32 (d, J = 6.9 Hz, 6H), 2.62 (s, 3H), 3.06 (m, 1H), 8.26 (s, 1H). 

To a solution of 5.38 g compound (14) in 18 ml of methanol was added 18.6 ml 
(93.0 mmol) of 28% sodium methoxide in methanol, and the resulting mixture was refluxed 
for 1 hour. After cooling the reaction mixture, it was concentrated in vacuo. The 
residue was poured into 30 ml of water, and the mixture was extracted with diethyl ether. 

20 The organic layer was washed with brine and dried over magnesium sulfate. The solvent 
was removed under normal pressure to obtain compound (15) (4.27 g, 96% yield) as 
brown oil. 

'H-NMR (CDOj) 8 1.28 (d, J = 6.9 Hz, 6H), 2.42 (s, 3H), 2.95 (m, 1H), 3.96 (s, 3H), 7.85 
(s, 1H). 
25 Example 39 - Step 7 

Using the compound (15) as a starting material, compound (1-39) was synthesized 

in a manner similar to that described in Example 1. 
Example 40 

The compound (1-40) was synthesized by carrying out the same reaction as 
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described in Example 2. 
Example 41 

NH 2 
16 

Step 3 
44% 



0 




0 




Example 41 - Step 1 

Under ice-cooling, 7.24 g (84.0 mmol) of methacrylic acid, 16.3 g (84.0 mmol) of 

1- ethyl-3-(3-dimethylaminopro P yl)-carbodiimide hydrochloride, and 7.54 g (84.0 mmol) of 

2- amino-l-buthanol (16) were dissolved in 100 ml of dichloromethane, and the mixture 
was stirred at room temperature for 20 hours. Dichloromethane was removed, then 
water was added to the residue, and the whole was extracted with ethyl acetate. The 
organic layer was washed successively with 10% hydrochloric acid, aqueous saturated 
sodium bicarbonate, and brine, dried over sodium sulfate, and concentrated in vacuo to 
obtain compound (17) (12.4 g, 93% yield) as yellow oil. 

'H-NMR (CDC1 3 ) 6 0.98 (t, J = 7.5 Hz, 3H), 1.59 (m, 2H), 1.98 (s, 3H), 3.64 (dd, J = 11.1, 
6.0 Hz, 1H), 3.74 (dd, J = 11.1, 3.3 Hz, 1H), 3.93 (m, 1H), 5.36 (s, 1H), 5.73 (s, 1H), 5.99 
(brs, 1H). 

IR (CHC1 3 ) 3428, 3004, 2962, 1711, 1655, 1617, 1514 cm"'. 
Example 41 - Step 2 

To a solution of 49.0 ml (690 mmol) of dimethyl sulfoxide in 50 ml of 
dichloromethane was added gradually 29.5 ml (345 mmol) of oxalyl chloride at -78°C. 
After stirring the mixture for 10 minutes, a solution of 18.1 g (115 mmol) of compound 
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(17) in 100 ml of dichloromethane was added, and the resulting mixture was stirred at - 
78°C for 1 hour. To the mixture was added 96.0 ml (690 mmol) of triethylamine, and the 
mixture was further stirred for 1 hour. To the reaction mixture was added 10% 
hydrochloric acid, and extracted with ethyl acetate. The organic layer was dried over 
sodium sulfate and concentrated in vacuo. 

The residue was dissolved in 300 ml of dichloromethane and 100 ml of methanol, 
and ozone gas was bubbled through the solution at -78°C. At the time when a color of 
the reaction solution was turned to blue, 36.0 ml (575 mmol) of dimethyl sulfide was added, 
and the resulting mixture was stirred at room temperature for 2 hours. The reaction 
mixture was washed with brine, dried over sodium sulfate, and concentrated in vacuo. 

The residue was dissolved in 200 ml of ethanol. To the mixture was added 17.7 
g (230 mmol) of ammonium acetate and the resulting mixture was refluxed for 1 hour. 
After distilling off ethanol, water was added to the residue, and extracted with ethyl acetate. 
The organic layer was washed with brine, dried over sodium sulfate, and concentrated in 
vacuo. The residue was subjected to silica gel chromatography. The fractions eluting 
with ethyl acetate were collected to give compound (18) (3.19 g, 20% yield) as white 
crystal. 

Melting Point: 151.0 - 153.0°C. 
FABMS (m/z) 139 ([M+Hf) 

'H-NMR (DMSO-4,) 6 1.14 (t, J = 7.5 Hz, 3H), 2.41 (q, J = 7.5 Hz, 2H), 2.21 (s, 3H), 

7.02 (s, 1H), 12.08 (brs, 1H). 

IR (KBr) 2971, 2920, 1653, 1619, 1367 cm 1 . 

Example 41 - Step 3 

A mixture of 2.72 g (19.7 mmol) of the compound (18) and 13.5 ml (145 mmol) 
of phosphorus oxychloride was refluxed for 30 minutes. The reaction mixture was 
gradually poured into ice-water, and neutralized with 4 N sodium hydroxide with stirring. 
The resulting mixture was extracted with diethyl ether, and the organic layer was dried 
over sodium sulfate. To the residue obtained by distilling off the solvent under normal 
pressure was added 44.0 ml (44.0 mmol) of 1 N sodium methoxide in methanol, and the 
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mixture was refluxed for 5 hours. Methanol was removed under normal pressure, then 
water was added to the residue, and extracted with diethyl ether. The organic layer was 
dried over sodium sulfate, and thereafter the solvent was removed under normal pressure 
to obtain compound (19) (1.32 g, 44% yield) as brown oil. 
5 l H-NMR (CDClj) 6 1.29 (t, J.= 7.6 Hz, 3H), 2.42 (s, 3H), 2.69 (q, J = 7.6 Hz, 2H), 3.97 (s, 
3H), 7.85 (s, 1H). 

IR (CHCy 2968, 1546, 1452, 1369 cm 1 . 
Example 41 -Step 4 

Using the compound (19) as a starting material, compound (1-41) was synthesized 
10 in a manner similar to that described in Example 1 . 

Compound (1-42) to compound (1-50) were synthesized by carrying out the same 
reactions as described in Example 1 to Example 41. Results obtained are shown in Tables 
5 to 6. 
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Table 5 



uonipo* 
und No. 


R36 


R38 


R38 


H 

Melting 
point (°C) 


iH-NMR: 6 
<Mt'=H) 


1-39 


Me 


d~" 


isopropyl 


] 

190-191 < 
It 


..10 (d, J = 6.9 Hz, 6H), 3.73 
6, 3H), 4.21 (s, 2H), 4.93 (s. 


1-40 


H 


d 


isopropyl 


211-213 |< 


L.ll (d, J = 6.9 Hz, 6H), 4.34 
; s . 2H), 4.78 (s, 2H), 7.59 (s. 
1H) 


1-41 


Me 


d 


Et 


154-156 


*3.65 (s, 3H), 4.34 (a. 2H). 
4.87 (s, 2H), 7.69 (s, 1H) 


1-42 


H 


/ 

6 


Et 


197-198 


a <u Cr 2H) 4.79 (s. 2H), 
7.67 (8, 1H) 


1-43 


Me 


{J 




203-205 


*3.68 (s, 3H), 4.51 (6. 2H), 
4.99 (s, ^SrU, o.<±u U1 / 


1-44 


H 


d 


d 


233-234 


4.50 (s, 2H), 4.91 (s, 2H). 
8.38 (s, 1H) 


1-45 


Me 


d 


isobutyl 


129-130 


9 9fWd J = 7.2 Hz, 2H), 3.72 
(s, 3H), 4.22 (s, 2H), 4.94 (s, 
2HV 7.01 (s, 1H) 


1-46 


H 


d 


isobutyl 


216-217 


2.30 (d, J = 6.9 Hz, 2H), 4.34 
(s, 2H), 4.78 (s, 2H), 7.63 (s. 

u 


1-47 


Me 




Et 


151-153 


*3.65 (s, 3H), 4.33 (s, 2H), 
4.87 (s, 2H), 7.70(s, 1H) 


1-48 


H 


1 F 


Et 


202-204 


4.33 (s, 2H), 4.80 (e, 2H) 
7.68 (8, 1H) 



* measured with DMS0-<A? 
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Table 6 



o P" 2 



Compo- 
und No. 


R36 


R3« 


R39 


H 

Melting 
point (°C) 


iH-NMR: 6 
CDCl3(R'=Me), DMSO- 


1-49 


1 Me 


6 


benzyl 


178-180 


*3.51 (s, 3H), 3.76 (s. 2H), 
4.33 (s, 2H), 4.82 (s, 2H), 
7 84 (s. 1H) 


1-50 


H 


Let 


benzyl 


200-202 


*3.77 (s, 2H), 4.30 (s, 2H), 
4.78 (b,2H), 7.75 (s, lH) 



* measured with DMSO-dr 
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Stepl 




MeO 



Step 2 




20 

Example 51 - Step 1 

2 .Thiophe„eboronic acid (39! mg, 3.06 ^ mi 2 m of 2M sodium carbon 
5 were added ,o a som.ion of 800 mg of the compound (20) (2.04 mmo„ and 118 mg o, 
.^(.rtphcnylphoapnme, pagadium (0.102 mmo.) in 18 m, o, dh^hane - 
ethane, (5,1) under argon atmosphere, and the resuHing - waa ranuxed for 4 no... 
To >ha ,eae,io„ mixture was added 12 m. of IN hydrochioric aaid. and ,he resulung 
miaure „ ex.rac.ed with chmrofoam. The oaganic ,ayet « -had with bnne. dne 
10 ~ Thereaiduewaaaub^*. 

* co,umn chromarography. The feacrions elutmg whh ah.omfdnn.mo.hano, (98. ) 
_ aonaccd ,o obtain me compound (2!) <S92 mg, y,e,d 83„ us a -W- 
.„-NMR(DMSO.,, b 1.04(«, 1=7, Hz, 3H), 1.94(3, 3„), 23o ( „ 1=7, Hz H, ^ 
2„), MOfr 1H). 6.65(n, 1H), 6.74(s, 1H), » ««), 10.40(h«. 1H). 

„ a manne, similar ,o .ha. described in s.ep 6 to step 8 of Example 1. 

compound (,,2) waa synthesized by .he aame reacrion described in Exam* 
20 2 by using .he compound (1-51) as a starting material. 
Example 53 
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10 




Step 1 



20 




MeO 




16 



20 



Example 53 - Step 1 

To a solution of 1 g of the compound (20) (2.55 mmol) in 10 ml of 
toethylformamide were added 339 mg of pHenylacetylene (3.31 mmol), 59 mg of 
dichlorobis(triphenyl P hosphine)palladium (0.084 mmol), 45 mg of cooper (1) iode (0.24 
mmol) and 490 mg of triethylamine (4.84 mmol). The resulting mixture was stirred at 
50°C for 3 hours under argon atmosphere. After the reaction was completed, the 
resulting mixture was added to 2N hydrochloric acid and extracted with ethyl acetate. 
The organic layer was washed with brine, dried over sodium sulfate, and concentrated m 
vacuo. The residue was purified by the silica gel column chromatography to obtam the 
compound (22) (844 mg, yield 90%) as a colorless powder. 

1 H-NMR(DMSO-rf„) 5 1.08(3H, t, J=7.5 Hz), 1.93 ( 3H, s), 2.46(2H, a, 1=7.5 Hz), 4.36(2H, 
s), 6.74(1* m), 6.76(1H, s), 6.93(1H, s), 7.26-7.61(8H, m), 10.40(1H, br). 

Example 53 -step 2 , 

Usntg tit. compound (22) as a starring material, compound (.-53) was synthczed 

in a manner similar lo that described in step 6 lo step 8 of Example 1. 

Example 54 t 

The compound (1-54) was synthesized by the same reaction described m Example 

2 by using the compound (1-53) as a starting material. 

Example 55 

^ HfS " 

Slept ^ 




20 
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Example 55 -Slepl 

Coop* (II) oxide (1.11 g, 14.0 mmol) was added 10 a solution of 1.47 g of .he 
compound (20) (3.50 mmol), 490 mg of pheno. (5.21 mmol) and 1.48 g of poussium 
carbonate (10.5 mmol) in 7 ml of pyridine, and .he resulting mixture was reOuxed to, 21 
5 hours under nitrogen atmosphere. Tne reaction mixture was dihtred wUh chioroform, 
fihered and then removed the soiven. by disfflladon under reduced pressure. The restdue 
„aa diluted wi,h erhyl acerare. washed 2 rimes with IN sodium hydrogen-are, washed 
with brine, and then dried over sodium sulfate. The residue obraineC by removing the 
seven, by distillation under reduced pressure was subjected to rhc silica gc. cohtmn 
,0 chromarography. The fractions Curing with n-hexane - ethyl accratc (5:1) were co.lec.ed 
to obtain the compound (23) (1.35 g, yield 100%) aa a colorless oil. 
■H-N^CDC,,) 6 1,10, f =7.4 H* 3H). 2.280,, **• H, 2H), 2.33(d, 5=0.9 Ha, 3H), 
4.08(3, 3H), 6.«< 4 5=0.9 H, 1H), 6.79-7.05(m, 4H), 7.17.7.24(m, 3H), 7.38.7.45<n, 
2H), 8.75(s, 1H). 

15 Example 55 - Step 2 

Using the compound (23) as a starting material, compound (1-55) was synthes.zed 

in a manner similar to that described in step 6 to step 8 of Example 1. 

Example 56 # 

The compound (1-56) was synthesized by the same reaction describe* m Example 

20 2 by using the compound (I-5S) as a starling material. 

Example 57 
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t-BuO> 




1-57 

Example 57 - Step 1 

The compound (24) (860 mg, 2.39 mmol) and 394 mg of phosphorus pentasulfide 
(2 77 mmol) were dissolved in 8 ml of pyridine, and the resulting mixture was refluxed for 
3 hours After the reaction was completed, the resulting mixture was diluted with water 
and extracted with ethyl acetate. The organic layer was washed with 2N hydrochloric 
acid and brine successively, dried over sodium sulfate, and concentrated in vacuo. The 
residue was purified by the silica gel column chromatography to obtain the compound (25) 
(559 mg, yield 62%) as a yellow crystal. 

. H -NMR(DMSO-« * IJMPH. U J=7.5 Hz), 2.06(3H, s), 2. 3 3<2H, ,, )=7.5 Hz), 4.0 9 (2H, 
S ), 6.69(1H, d, J=7.5 Hz), 6.70(2H, s), 7.2J-7.47(7H, m), 12.02(1H, br). 

Example 57 - Step 2 

To a solution of 250 mg of the compound (25) (0.66 mmol) in 5 ml of 
dimethylformamide were added 275 mg of potassium carbonate (1.99 mmol), 155 mg oft- 
butyl bromoacetate (0.79 mmol) and 11 mg of potassium iodide (0.066 mmol), and the 
resulting mixture was stirred at room temperature for 15 minute, After the reaction was 
completed, the resulting mixture was made acidic with 2N-hydrochloric acid and extracted 
with ethyl acetate. The organic layer was dried over sodium sulfate, and then removed 
the solvent by distillation. The residue was purified by the silica gel column 
chromatography to obtain the compound (26) (328 mg, yield 100%) as a yellow oil. 
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3 97(2Rs), 4.04PH, s), «*0* * «*H. * H* a,4 (1 H, s, 
m). 

lH .NMR(CDCl 3 ) 6 1.10(3H, t, J=7.5 Hz), 1.37(9H, s), 2.24(3H, . 

Hz), ,89(2H, s), 4.07(2H, s), 5.67(1H, br), 6,8(1H, , 3=7, Hz), 6.83(1H, d, 
j=0.9 Hz), 7.07(1H, br), 7.15-7.38(7H, m). 
Melting point: 138 - 139°C 
Example 58 





1-57 



1-58 



15 



Example 58- Step 1 

The compound (1-57) (46 mg, 0.082 mmol) was delved « 3 ml of 

h Tothemixturewasaddedlmlot^^^ 
dichloromethane. Tothenuxtur Trifluor0 acetic acid was removed 

mivture was stirred at room temperature for 4.5 hours. 

20 .H-NMR(DMSO-«6 0.86(3H, t ,J=7.5Hz),2.25(3H, S ),2. * . .% 

s) , «O0H. s), * «* Hz), 7. M .7, 1( 7H. „>. W * *>■ 

8.20(1H, br). 

Melting point: 103 - 105°C 
Example 59 
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x 




Stepl 



27 




Sicp2 



CI 





v jsip- 

Step 4 T 



Step 5 



Me0 2 C" O 



Me0 2 C 





^^N^7 St ep 7 





Example 59 -Steps Ho 3 

To a solution of 1 .01 g of the compound (27) (4.94 mmof, in 20 ml of 
.etrahydrofuran was added dropwise 3.90 ml of n-butylBhium in hexane (1.53 M, 5.97 

^ a, -20-C, a* *a resulrmg mtxture was surra, for 30 minutes m the — «-» 
r,l!m,,u re wasadded0,95m,of4.auo r o^d.H > d.(7.41m m o 1 ,a,-20-Ca„d,„a 

result* mbrrure was stiraad for 15 minutes in me same condition. To me reason 

were added 5 ml o, aqueous snrmomum chloride, 5 ml of water and athy, acetate 
„„ d er ica-cooling. The organic layer was separar* and the aqueous layer was cx.rac.ea. 
with am,, acetate. Tnc organic Uycr was wash* with water and brtne and or ed over 
sodium sulfhte. The oily residue (the compound (28)) obtained by removtng the solvent 
b y distmation under reduced pressure was subject* ,o the next reacrion without any 

purification. . f 

Chtorotnmerhylstae (7.95 ml 62.6 mmo, was added slowly to a suspension 

9 44 g of sodium iodide (63.0 mmo.) in 11 m. of acctonitrile a, room remparature, and the 
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add ed sl ow„ a sohtrio» of .he compound (28) obtained above sup in 15 m, of acetonitrile 

Tta reaction mixture was poured into a mWuK of ice water and ethy. acetate «o separate 
lh e organise, Tbn a,„no„s was ^ w»h c,h y , ann,n,e. « 
, by er wan successive* washed w»h 25 m> of aqueous sodium hydrogen**^*, ^ 
,0% sodium thiosuifate and 25 ml of brine, and dried over sodium suifcie. Tlted, 
resi due (,he compound (29)) obtained by removing .be sohren, by dis,Ula,ion under 
.educed pressure waa subjected ,o next reaction without any purfflcatton. 

To .be compound (29) obrsined as described above was added 15 ml of 36% 
I0 hydrochloric acid a, room temperature, and .he resuhing mixrure was reOuxed for 30 
Ires. To .he mixrure waa added 15 mi of warer under ice-coohng. The mso ubie 
subs u»cc « ejected by nl.rat.on, washed wirh ware, e,be, and ,be„ dried under 
reduC ed pressure .o obrain .be compound (30) (1.08 g. yieid 81*) as a coioriess powder. 
'H-NMR(CDCij) 6 2.22(, 3H), 2.44(s, 3H, 4.12,s, 2H), 7.02-7.16(m, 7H). 

1 6 Example 59 - Steps 4 to 5 

Pbospborns oxychioride (2 m.) was added to 1.00 g of .he compound (30 (3.70 

wa s added , .he res.ua. and ,he mixture was exrracred wi,b e,hy> acerare. The ^ 
» iayer was washed 2 rimes wirh 10 m, of a,ueo„s sodium hydrogen—, -* 
Ir,u„dlOm 1 ofbri„e,and,he„driedover S odi U msu 16 .e. The crvx-ne res.due he 
ooropoundpi^obm^by removing.be soivenroyd— »n under reduced pressure 

was subjected to next reaction withour any puriflcarion. 

To a suspension of.be compound (31) and 1.32 g of sodium p-toh—a 

Ltempcrarurcand.bere.lringmix.urewasrefluxedfordhour, Thereac. n 
roomremp Tt,« ^eciohated crystal was collected by atratwn, 

mixture was cooled under ice-cooltng. The precprtatea cry 
washed 4 times with 2.5 ml of cold ethanol, and then dried under reduced pressure to 
obtain the compound (32) (1.28 g, yield 85%). 
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l H-NMR(CDClj) 6 231(a, 3H), 2.4«s, 3H). 2.54(s, 3H), 2H). 6.92-7.07(0, 5H), 
7.30.7.35(m, 3H), 6.02(4 J=8.4 Hz, 2H). 
Example 59 -Step 6 

Merhyl glyeote (0.675 ml 8.57 mmol) was added slowly to a suspense oi 249 
, mg of sodium hydride (60%. 6.21 mmo,) in 10 ml of dfonerhy—de under ice-coolmg. 
and .he reaming mforure was srirrrf a, room .ensure for 10 mmu.es. To .he 
rearming mixrure was added 1.00 g of .he compound (32, (2.45 mmo!) a, room 

m e rencion mhdure was poured ,n.o a mixrure of 10* hydrochloric acid, foe warcr and 
w Mh e,,oseparare,heorgamcfoyer. m armeous foyer was extracred wirh erher. Tne 
org amc foyer was washed suecessfoefy wi,h 20 m, of »,ueous sodium nydrogencarbonare. 

ad ded ,o .he ceyaanine residue ohrained by removing ,he aolvem by dfo.0U.ion under 
re duced pressure, and .he mixmre was aUoweu .0 warn, .0 produce siurry. The crvs.a, 

ob.ain .he compound (33) (654 mg, yield 78%). 

.H-NM^CDC,,, 6 22*. 3H), 1*0. 3„), 3.79<s, 3H), 4.14(s, ^« , 
6 .65(dd, 1-0.8, 1.4 Hz, 1H), 6.87(dd, 1=0.8. 1.4 Hz, 1H), 6.96<m, 2H), 7.09(m, 2H). 

Example 59 - Step 7 , „ 

Oxaly, chloride (0.460 ml, 5.27 mmo.) was added dropwis. .o a solunon 0,56 
„. of ,he compound (33, (3.65 mmoi) and 0,80 m, of N-me.h„morpho»ne (5.28 mmo ) 
■ m 5, m, of me,h„ene chjoride under ice-cooifog, and .he re-fog mixrure was 
30 minurea m .he same condirfon. The reacdon mudure was poured in.o a mudure o, 
m , ot 28% auueous ammonia, 5 ml of ice wa.er and e.hy, ace.a.e. The foaofobfo 
25 b,0*«— h To,hen,.m,fonwasadded8nuofl0% 

^eousnyd.chforicacid. The or gM io foyer was separare,, washed whh wa,cr and 
fc dried over sodium s„lfa.e, and concerned fo vacuo. The reaidue was subbed 
,o .he silica ge, column chromatography. The uacrions during wi.h =,hy, ace.a.e were 
col ,ec,ed .0 oh.ain me compound (,-59, (35.4 mg, yield 5%, aa a cry- The resulung 
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■H-NMRtCDQ,, a 2.30(4 «9 Hz, 3H), 2.40,, 3H). 3.77<a, 3H). 4.^ 2H), 5.00* 
2H), 5.50^ 1H), 6.60<brs, !H), 6.92(4 M>.9 Hz, 1H), 6.95-7.n(n, 4H). 
Example 60 



NH 2 

*6 



10 



15 





Stepl 

1-59 

Example 60 - Step 1 ,. 1QQ 
4N sodium frtaH. (0-0500 ml, 0.200 mn»>) was added ,o a nuxmre <* 19.8 

■.of* compound (,-59) (0.0479 mmo,). 0.5 m, of m.,h.no, aod 0, nd of 
h Jsame oondffoa To .he - added 0, m, of,N - 

The res ,due was resized *» ed,,, aae.au, «W * 
compound (,-60) (!9.0 m g , y,a,d 99%) aa a orysu, W F~ = * 
'H-NMR(DMSO-rf 4 ) 6 2.24<s, 3H), 13* *>. 4.33(a, 2H, 4.82(3, 2H), 7.!2(n, 2H), 
7.24(m, 2H), 7.46(d, ,-0.9 Hz, XH), 7.48<b,s, 1H), 7.850* 1H). 
Example 61 
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Example 61 - Step 1 

The compound (34) (18.2 » 0.160 mo.) and 9.43 g o,90% <°"° 
mol) „e,c d*o,ved m 20 m, of aceUc acid. To ft. manning mix.ure - <W . 

oeaoo mg ono% ^ - -o« m. <*» - » - 10 

ml of »* acid, and .he mixrure was srirred a, room fenapcrafur. fo, 3 hours w»h 

^^^..mof^c^n^ena^.. 

Then te . l ionwa3d i ,„,ed^h 1 o. U e„ e ,w a sh C d-h»a,c,,a„d l hend iS ,«u„de t 

redu ced pressure to obufn fhe compound (35) (20.0 g, yield 88%) showing ,he borhng 
pom, of 92 - 94°C (13 mmHg) as a co.or.ess oil (refer fo OS, ffl, 385, 1955; X Am. Cham. 

Soc, 66, 886 1944)). 

Example 61 - Step 2 

Amixmrn of 46.0 g of .he compound (35) (0.326 mo!), 77.1 g of bromo 
^dahyde dieihyfaceu. (0.391 mo.), 54.0 g of po.ass.um enrbonafe (0.391 mol) and 
dime,h,..b,mam.de (230 mi) was srhred whh hearing a, 70-C for 72 hours under nhrogen 
a.mosphere. Dimerhylfbrmamide was removed by disri.la.ion under reduced pressure. 
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Water was added to the residue, the mixture was extracted with toluene. The organic 
layer was washed with water, dried over magnesium sulfate, and the solvent was removed. 
The residue was distilled under reduced pressure to obtain the compound (36) showing 
boiling point of 105-106 o C (ImmHg) (44.3 g, yield 56%) as a colorless oil. 
'H-NMR(CDCl,) 6 1.07(t, J=7.4 Hz, 3H), 1.18(t, J=7.0 Hz, 3H), 1.21(t, J=7.0 Hz, 3H), 
1.33(1, J=7.0 Hz, 3H), 1.74-2.08(m, 3H), 2.39(dd, J=13.6, 8.2 Hz, 1H), 3.45-3.76(m, 4H), 
4.16-4.33(m, 2H), 4.77(dd, J=8.2, 4.0 Hz, 1H). 

Example 61 - Step 3 

A mixture of 168.2 g of the compound (36) (0.691 mol), 74.6 g of potassium 
acetate (0.760 mol) and dimethyl sulfoxide (336 ml) was heated under nitrogen atmosphere 
in an oil bath at 160°C for 15 hours. After cooling, water was added, and the mixture 
was extracted with ether. The organic layer was washed with water, dried over 
magnesium sulfate, and the solvent was removed. The residue was distilled under 
reduced pressure to obtain the compound (37) showing boiling point of 133 - 137° C (33 
mmHg) as a colorless oil (112.4 g, yield 88%). 

'H-NMR(CDC1 3 ) 6 1.09(1, J=7.0 Hz, 3H), 1.22(t, J=7.0 Hz 3H), 1.23(t, J=7.0 Hz, 3H), 
1.58-1.99(m, 4H), 2.59-2.73(m, 1H), 3.48-3.81(m, 4H), 4.68(dd, J=7.4, 4.2 Hz, 1H). 

Example 61 - Step 4 

To a suspension of 1.53 g of magnesium (63.0 mmol) and 0.26 ml of 1,2- 
dibromoethane (3.00 mmol) in 50 ml of ether was added dropwise a solution of 12.2 g of 
2-biphenylmethyl chloride (60.0 mmol) in 24 ml of ether under ice-cooling. The resulting 
mixture was allowed to warm to room temperature, and stirred until magnesium was 
dissolved. A solution of 9.26 g of the compound (37) (50.0 mmol) in 28 ml of ether was 
added to the mixture at room temperature, the resulting mixture was stirred for 16 hours 
and then refluxed for 3 hours. Aqueous solution (25 ml) of ammonium chloride (5.35 g) 
was added to the reaction mixture under ice-cooling, the resulting mixture was made acidic 
with 63 ml of 2N sulfuric acid, and stirred under ice-cooling for 30 minutes, further at 
room temperature for 30 minutes. The reaction mixture was neutralized by sodium 
hydrogencarbonate, and extracted with toluene. The organic layer was washed with brine, 
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dried over magnesium sulfate, and concentrated in vacuo. The residue was subjected to 
the silica gel chromatography. The fractions eluting with ethyl acetate : toluene (1:9) 
were collected to obtain the compound (38) as a colorless oil (17.6 g, yield 99%). 
i H -NMR(CDCl 3 ) 6 0.68(t, J=7.2 Hz, 3H), 1.12(t, J=6.9 Hz, 3H), 1.15(t, J=7.2 Hz, 3H), 
5 1 2M.44(m, 2H), 1.50-1.62 ( m, 1H), 1.87-1.96(m, 1H), 2.50(m, 1H), 3.24-3.58(m, 4H), 
3.74(d, J=16.8Hz, 1H), 3.82(d, J=16.8Hz, 1H), 4.27(t, J=6.0 Hz, 1H), 7.15-7.42(m, 9H). 

Example 61 - Step 5 

To a solution of 3.00 g of the compound (38) (8.50 mmol) in 30 ml of 
tetrahydrofuran was added 5 ml of 2N hydrochloric acid at room temperature, and the 
10 resulting mixture was stirred at the same temperature for 3 hours. The reaction mixture 
was poured into water, the mixture was extracted with ether, and the organic layer was 
washed with water, dried, and concentrated in vacuo. The residue was dissolved in 30 ml 
of tetrahydrofuran. To the resulting mixture was added allylamine (0.77 ml, 10.2 mmol) 
under ice-cooling, and the mixture was stirred at the same temperature for 1 hour. Alter 
15 evaporation to dryness under reduced pressure, the residue was subjected to the silica gel 
chromatography. The fractions eluting with hexane - hexane/ethyl acetate (50/1) were 
collected to obtain the compound (39) (1.92 g, yield 75%) as a colorless oil. 
'H-NMR (300 M, CDC1 3 ): 1.15 (3H, t, J- 7.8 Hz), 2.42 (2H, q, J= 7.8 Hz), 3.82 (2H, s), 
4.00 (2H, d, J= 6.0 Hz), 4.73 (1H, d, J= 17.5 Hz), 4.91 (1H, d, J= 10.2 Hz), 5.53 (1H. m), 
20 6.05 (1H, s), 6.51 (1H, s), 6.87 (1H, m), 7.20-7.50 (8H, m). 

Example 61 - Step 6 

To a solution of 200 mg of the compound (39) (0.67 mmol) in 2 ml of toluene 
were added 0.104 ml of methyl chlorocarbonate (1.34 mmol) and 153 mg of aluminum 
chloride (1.00 mmol) at room temperature, and the mixture was stirred at the same 
25 temperature for 30 minutes. The reaction mixture was poured into water, extracted with 
ether, and the organic layer was washed with water, dried, and concentrated in vacuo. 
The residue was subjected to the silica gel column chromatography. The fractions eluting 
with hexane/ethyl acetate (10/1) were collected to obtain the compound (40) (140 mg, 
yield 59%) as a colorless oil. 
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'H-NMR (300M, CDC! 3 ): 1.14 (3H, t, J= 7.8 Hz), 2.38 (2H, q, J- 7.8 Hz), 3.76 (3H, s), 
3.83 (2H, s), 4.46 (1H, d, J= 17.1 Hz), 4.60 (2H, m), 4.83 (1H, d, J= 10.5 Hz), 5.64 (1H, 
m), 6.82 (1H, d, J= 8.1 Hz), 6.89 (1H, s), 7.20 - 7.50 ( 8H, s). 
Example 61 - Step 7 

To a solution of 710 mg of the compound (40) (1.98 mmol) in 7 ml of acetonitrile 
was added 1.00 g of iodine (7.92 mmol) at room temperature, and the mixture was stirred 
at the same temperature for 20 hours. Ethyl acetate was poured into the reaction mixture, 
and the resulting mixture was washed with aqueous sodium sulfite, further with water, 
dried, and concentrated in vacuo. The residue was dissolved in hexane/ethyl acetate (1/1), 
and passed through the silica gel layer. The eluent was concentrated in vacuo to obtain 
the compound (41) (919 mg, yield 99%) as a colorless amorphous. 
'H-NMR ( 300M, CDC1 3 ): 1.13 ( 3H, t, J= 7.5 Hz), 2.40 ( 2H, t, J. 7.5 Hz), 3.15 ( 1H, t, 
J- 7.59 Hz), 3.40 ( 2H, m), 3.80 ( 1H, m), 3.87 (1H, d, 1-17.1 Hz), 3.92 (1H, d, J-17.1 
Hz), 4.44 ( 1H, m), 6.87 ( 1H, m), 6.98 ( 1H, s), 7.20 - 7.50 ( 8H, m). 

Example 61 - Step 8 

To a solution of 900 mg of the compound (41) (1.91 mmol) in 10 ml of toluene 
was added 0.43 ml of l,8-diazabicyclo[5.4.0]-7-undecene (2.88 mmol) at room 
temperature, and the mixture was stirred at 80°C for 1 hour. The solvent was removed 
by distillation and the residue was subjected to the silica gel chromatography. The 
fractions eluting with hexane/ethyl acetate (4/1) - (2/1) to obtain the compound (42) (620 
mg, yield 95%) as a colorless oil. 

'H-NMR (CDCW 1.12(3H, t, J= 7.5 Hz), 2.37(2H, q, J- 7.5 Hz),3.91( 2H, s), 4.06(2H, s), 
4.41(1H, d, J- 2.1 Hz), 4.87(1H, d, J= 2.1 Hz), 6.88(1H, d, J= 7.5 Hz), 7.00(1H, s), 7.30- 
7.50(8H, m). 
Example 61 - Step 9 

To a solution of 550 mg of the compound (42) (1.61 mmol) in 10 ml of 99% 
ethanol was added 3.72 g of ammonium acetate, and the mixture was refluxed for 20 hours. 
The mixture was concentrated in vacuo. The residue was washed with water, dissolved in 
chloroform. Further, ethyl acetate was added to the mixture and concentrated. The 
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precipitated crystal was collected by filtration to obtain the compound (43) (338 mg, yield 
62%) as a colorless crystal. Melting point: 238 - 239°C 

>H-NMR(DMSO-d 6 ) 1.02(3H, t, j. 7.5Hz), 1.93(3H, s), 2.33(2H, q, J= 7.5Hz), 4.03 (2H, 
s), 6.50 (1H, s), 6.69 (1H, d, J= 6.6Hz), 6.70 (1H, s), 7.20-7.50 (8H, m), 10.35 (1H, s). 

Example 61 - Step 10 

Using the compound (43) as a starting material, compound (1-21) was synthesized 

in a manner similar to that described in step 6 to step 8 of Example 1. 

Example 62 

The compound (1-22) was synthesized by the same reaction described in Example 
2 by using the compound (1-21) as a starting material. 
Example 63 

o 

MbO 




47 '- 17 

Example 63 - Step 1 

To a solution of 7.65 g of aluminum chloride (57.4 mmol) in 60 ml of 
nitromethane was added dropwise 6.65 ml of benzoylchloride (57.3 mmol) under ice- 
cooling, and the mixture was stirred for 15 minutes in the same condition. To the mixture 
was added dropwise a solution of 2.93 g of the compound (44) (which can be synthesized 
in accordance with the method described in Eur. J. Med. Chen,, 28, 481 (1993)) in 40 ml 
of nitromethane under ice-cooling over 20 minutes, and the resulting mixture was stirred 
for 30 minutes in the same condition, further stirred at room temperature for 30 minutes. 
The reaction mixture was poured into a mixture of ice water and ethyl acetate to separate 
the organic layer. The aqueous layer was extracted with ethyl acetate. The organic 
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layer was washed with 10 ml of 28% aqueous ammonia, 2 times with water, and with brine, 
dried over sodium sulfate, and concentrated in vacuo. The residue was subjected to the 
silica gel column chromatography. The fractions eluting with n-hexane-ethyl acetate 
(4:1) were collected to obtain the compound (45) (4.20 g, yield 85%) as a colorless oil. 
•H-NMR(CDC1 3 ) 6 1.14(1, J=7.5 Hz, 3H), 2.55(qd, J=7.5, 0.6 Hz, 2H), 3.89(s, 3H), 
6.85(dt, 1H, J-2.7, 0.6 Hz), 7.46-7.53(m, 2H), 7.59(m, 1H), 7.71(m, 2H), 9.48(brs, 1H). 

Example 63 - Step 2 

To a solution of 776 mg of the compound (45) (3.02 mmol) in 15 ml of methanol 
was added 134 mg of sodium borohydride (3.55 mmol) under ice-cooling, and the mixture 
was stirred for 20 minutes in the same condition. Aqueous ammonium chloride (3 ml), 
water and ethyl acetate were added to the reaction mixture under ice-cooling to separate 
the organic layer. The aqueous layer was extracted with ethyl acetate. The organic 
layer was washed with water, brine, dried over sodium sulfate, and concentrated in vacuo. 
The residue was subjected to the next reaction without any purification. 

To a suspension of 2.70 g of sodium iodide (18.0 mmol) in 3 ml of acetonitrile 
was added slowly 2.30 ml of chlorotrimethylsilane (18.1 mmol) at room temperature, and 
the mixture was stirred for 15 minutes in the same condition. To the mixture was added 
slowly a solution of the residue obtained above in 9 ml of acetonitrile under ice-cooling, 
and the resulting mixture was stirred at room temperature for 35 minutes. IN sodium 
hydroxide (10.5 ml) was added to the reaction mixture under ice-cooling, and resulting 
mixture was extracted 2 times with 30 ml of ethyl acetate. The organic layer was washed 
successively with 30 ml of 3% aqueous sodium thiosulfate, 30 ml of water, and 15 ml of 
brine, dried over sodium sulfate, and concentrated in vacuo. The residue was subjected 
to silica gel column chromatography. The fractions eluting with n-hexane - ethyl acetate 
(5:1) were collected to obtain the compound (46) (647 mg, yield 88%) as a colorless 
crystal. 

l H-NMR(CDCl 3 ) 6 1.17(t, J=7.5 Hz, 3H), 2.45(q, J=7.5, 2H), 3.78(s, 3H), 3.94(s, 2H), 
6.78(d, 1H, J=2.7 Hz), 7.12-7.17(m, 2H), 7.20-7.34(m, 3H), 8.56(brs, 1H). 
Example 63 - Step 3 



83 



WO 99/51605 



PCT/JP99/01670 



A solution of 104 rag of the compound (46) (0.427 mmol) in 2 ml of 
dimethylformamide was added dropwise to 26.2 mg of sodium hydride (60%) (0.655 
mmol) under ice-cooling, and the mixture was stirred at room temperature for 30 minutes. 
To the resulting mixture was added 0.0554 ml of allyl bromide (0.640 mmol) in the same 

5 condition, and stirred for 1 hour. Water and ether were added into the reaction mixture 
under ice-cooling to separate the organic layer. The aqueous layer was extracted with 
ether. The organic layer was washed with water and brine, dried over sodium sulfate, and 
concentrated in vacuo. The residue was subjected to the silica gel chromatography. 
The fractions eluting with n-hexane • ethyl acetate (10:1) were collected to obtain the 

10 compound (47) (80.4 mg, yield 66%) as a colorless oil. 

■H-NMR(CDC1 3 ) 8 1.16(t, J=7.5 Hz, 3H), 2.44(q, J=7.5 Hz, 2H), 3.78(s, 3H), 3.95(s, 2H). 
4.70(ddt, J-17.1, 1.6, 1.6 Hz, 1H). 4.80(dt, J=4.8, 1.6 Hz, 2H), 5.01(ddt, J=10.2, 1.6. 1.6 Hz, 1H), 
5.84(ddt, J=17.1 f 10.2, 4.8 Hz, 1H), 6.93(s, 1H), 7.02(m, 2H), 7.13-7.30(m, 3H). 
Example 63 - Step 4 

15 The compound (1-17) was synthesized by the same reaction described in 7 to 10 

step of Example 61 by using the compound (47) as a starting material. 
Example 64 

The compound (1-18) was synthesized by the same reaction described in Example 
2 by using the compound (1-17) as a starting material. 
20 The compounds (1-61) to (1-106) were synthesized by the same reaction described 

in Examples 1 to 64. The results are shown in Tables 7 to 13. 
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Table 7 



R^OjC 




Compo- 
und No. 


R36 


R38 


Melting 
point ( 


iH-NMR: fi 


1-51 


Me 


ov 


134.5-136 ] 


2.03 (d, J = 0.9 Hz, 3H), 3.74 (s, 
3H), 4.03 (s. 2H), 4.17 (s. 2H), 
4.94(s, 2H), 6.39 (d, J = 0.9 Hz. 

im 


1-52 


H 




180.5-182.5 


2.07 (d, J = 0.6 Hz, 3H), 4.19 (s, 
2H), 4.21 (s, 2H). 4.80 (s. 2H). 
7.04(s. 1H) 


1-53 


Me 




147-149 


2.13 (d, J =0.9 Hz, 3H), 3.74 (s, 
3H), 4.06 (s, 2H), 4.95 (s. 2H). 
6.75 fd. J = 0.9 Hz. 1H) 


1-54 


H 




175-177 
. 


2.15 (b, 3H), 4.18 (s, 2H), 4.80 
(s. 2H). 7.36 (s. 1H) 


1-55 


Me 




161-163 


2.21 (d, J = 0.9 Hz, 3H), 3.76 (s, 
3H), 4.15 (6, 2H), 4.98 (s, 2H) 


1-56 


H 




208-210 


2.20 (a, J = U«y *iz, <* n /> q,ou 
2H), 4.81 (s, 2H), 7.78 (d, J = 
0.9 Hz. 1H) 


1-61 


Me 




189-190 


2.18 (s. 3H), 3.75 (s, 3H), 3.78 
(8, 3H), 4.14 (s, 2H), 4.97 (b, 
2ffi. 7.06 (8. lffi 


1-62 


H 




200-201.5 


2.18 (d, J = 0.6 Hz, 3H), 3.69 (s, 
3H), 4.24 (8, 2H), 4.80 (s, 2H), 
7.06 (e, 1H), 7.68 (d, J = 0.6 Hz, 
1H) 


1-63 


Me 




179.5-181 


2.19 (d, J = 0.9 Hz,3H), 3.76 (s, 
3H), 4.20 (s, 2H), 4.97 (s, 2H), 
7.03 (d. J = 0.9 Hz. 1H) 


1-64 






190.5-193 


2.19 (d, J = 0.9 Hz, 3H), 4.35 (e, 
2H), 4.81 (8, 2H), 7.74 (d, J = 
0.9 Hz. 1H) 



* measured with DMSO-cfc 
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Table 8 



R^OzC 




Compo- 
und No. 


R36 


R38 


Melting 
point (°C) 


iH-NMR: 6 
nDClafRi=Me). DMSO-cfeffi l =H) 


1-65 


Me 






k 2.14 (d, J=0.6 Hz, 3H), 3.67 (s, 
X\A\ A 22 (r 2H) 4.88 (s, 2H), 
7.31 (d. J=0.6 Hz. 1H) 


1-66 


H 






9 is <c <*fn 4 21 (s 2H). 4.72 
(s, 2H), 7.38 (s. 1H) 


1-67 


Me 


0-t>° Me 




2.12 (d, J=1.2 Hz, 3H). 3.74 (s. 
3H), 3.88 (s, 3H), 4.09 (s, 2H), 
4.94 (s, 2H), 6.76 (d. J=l.2 Hz, 


1-68 


H 


<r^£>oMe 




2. 14 (s, 3H), 3.80 (s, 3H). 4.20 
(e, 2H), 4.79 (s, 2H), 7.32 (b, 1H) 


1-69 


Me 




167.6-169.5 


2.17 (d, J=0.9 Hz, 3H), 2.44 (s. 
3H), 3.74 (6, 3H). 4.09 (s, 2H), 
4.94 (s, 2H), 6.76 (d, J=0.9 Hz, 
lH} 


1-70 


H 




179.5-181.5 


2.14 (s, 3H), 2.36 (s, 3H), 4.19 
(s, 2H), 4.79 (s. 2H), 7.34 (s. 1H) 


1-71 


Me 




190-192 


2.16 (d, J=0.6 Hz, 3H), 3.76 (s, 
3H). 4.27 (s, 2H), 4.95 (s, 2H), 
7.20 (d, J=0.6 Hz, 1H) 


i 1-72 


H 




131-133 


2.14 (s, 3H), 4.32 (s, 2H). 4.79 
(s, 2H), 7.39 (8, 1H) 


1-73 


Me 




215-217 


*2 14 (d, J=0.9 Hz, 3H), 3.67 (b. 
3H), 4.22 (s, 2H). 4.90 (b, 2H), 
7.44 (d, J=0.9 Hz. 1H) 


1-74 


H 




189-191 


2.15 (s, 3H), 4.21 (s, 2H), 4.82 
(s, 2H), 7.40 (6, 1H) 



* measured with DMSO-cfe 
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R 38 



Compo- 
und No. 


R3 6 


R37 


R38 


R39 


Melting 
point 
CO 


iH-NMR: 6 
CDCl 3 (R l =Me), DMSO- 
<Mt'=H) 


1-75 


Me 


cyclo- 
propyl 


o 


Me 


210- 
211.5 


2.15 (d, J=0.9 Hz. 3H). 
3.74 (s, 3H), 4.34 (s, 
2H), 4.96 (e, 2H). 6.99 
(d. J=0.9 Hz. 1H) 


1-76 


H 


cyclo- 
propyl 




"Mo 

ivie 


194.5- 
196 


2.15 (d, J=0.6 Hz, 3H), 
4.38 (s, 2H), 4.79 (s, 
2H). 7.62 (d, J-O.b Mz, 


1-77 


Me 


cyclo- 
propyl 


-O- 


Me 


179- 
182.5 


2.16 (d, J=0.9 Hz. 3H). 
3.75 (e, 3H), 4,dl {&, 
2H), 4.96 (s, 2H), 6.96 
(A. J=0.9 Hz. 1H) 


1-78 


H 


cyclo- 
propyl 


-O- 


Me 


185-187 


9 1ft (r\ J=0 9 Hz 
4.37 (s, 2H), 4.79 (s, 
2H), 7.64 (d, J=0.9 Hz, 

1m 


1-79 


Me 


Et 


-o 


-o 


193-194 


3.74 (s, 3H), 4.21 (s, 
2H), 4.93 (8, 2H), 7.05 
r R . 1K» 


1-80 


H 


Et 




-o 


227-230 


4.34 (s, 3H), 4.77 (s, 
2HV 7.58 (s, 1H) 


1-81 


Me 


Et 


do 


-o 


161.5- 
162.5 


3.72 (s, 3H), 4.10 (s, 
2H), 4.90 (s, 2H). 6.74 
(s. 1H) 


1-82 


H 


Et 




o 


200- 
201.5 


4.23 (s, 3H), 4.76 (s, 
2H), 7.48 (s, 1H) 
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Table 10 



R 36 0 2 C^O °Y^ Q 




Compo- 
und No. 


P36 

XV 


R37 


R38 


R39 


Melting 
point 

CO 


iH-NMR: 6 
CDCla(R l =Me), DMSO- 
A(Ri=H) 


1-83 


Me 


Me 


d 


Me 


205-207 


2.18 (d, J=L2 Hz, 3H). 
9 A9 (a mTi 3 74 (s 
3H), 4.19 (s, 2H), 4.97 
(s. 2H), 7.11 (d. J=1.2 
Hz. 1H) 


1-84 


H 


Me 


/ 

6 


Me 


lyy.o- 
201 


2.19 (d, J=0.9 Hz, 3H). 
9 <U (a SHI 4 31 (s. 
2H), 4.81 (6, 2H), 7.77 
(A. J=0.9 Hz. 1H) 


1-85 


Me 


Et 




Me 


203-204 


2 23 Cd J=l 2 Hz, 3H), 
2.40 (s, 3H), 3.75 (s, 
3H), 4.25 (s, 2H), 4.97 
(e, 2H). 7.22 (d, J=1.2 
Hz. 1H, 


1-86 


H 


Et 


S 


Me 


216.5- 
218 


2.21 (6, 3H), 2.32 (s, 
3H), 4.41 (s, 2H), 4.80 
(* m\ 7.78 (b, 1H) 


1-87 


Me 


Et 




Me 


186-187 


2.16 (d, J=0.9 Hz, 3H), 
3.77 (s, 3H), 4.32 (d, 
J=l,5 Hz, 2H), 4.99 (s, 
2H), 6.61 (s, 1H), 7.05 
(A. .1=0.9 Hz, 1H) 


1-88 


H 


Et 


oi 


Me 


211-213 


2.17 (s, 3H), 4.50 (s. 
2H), 4.82 (s, 2H), 6.80 
rs. 1H>. 7.72 (s, 1H) 
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Table 11 



NH 2 



Compo- 
und No. 




1 


Melting 
point 

CO _! 


iH-NMR: 6 
DDClaCR^Me). DMSO-<«R l =H) 


1-89 


Et 


-0~ F 


] 

184-186 

; 


.81 (t, J=7.8 Hz, 3H), 2.18 (s, 
JH), 4.17 (s, 2H), 4.22 (q, J=7.8 
iz, 2H), 4.94 (6, 2H). 6.96 (s. 
IH) 


1-90 


Et 




172-173 - 


1.26 (t, J=7.2 Hz, 3H), 2.13 (s, 

-»tj\ a riR 4 91 Cn J=7.2l 
3H), 4.05 [S, Ail;, \M. w 

Hz. 2H), 4.92 (s, 2H), 6.75 (s, 
1H) . 


1-91 


Et 




160-161 


1.26 (t, J=7.2 Hz, 3H), 2.14 (d. 

t_i a u_ qu\ 4 21 (n, J=7.2 

Hz, 2H), 4.25 (8, 2H), 4.93 (s, 
2HY 6.85 (d, J=1 2 Hz. lH) 


1-92 


Et. 




185-186 


1 26 (t, J=7.2 Hz, 3H), 2.13 (d. 
J=0.9Hz,3H), 4.16 (b, 2H), 4.22 

, t to XJ™ OU\ 4 0,9 2H) 1 

(q_ J=7.2 Hz, ^n;, 4.sm it>. &n><\ 

g 79 (d. ,T=0.9 Hz, 1H) 

0 89 (t, J=7.5 Hz, 3H), 1.63 (m. 
2H), 2.17 (s, 3H), 4.12 (t, J=6.6 
Hz, 2H), 4.17 (s, 2H), 4.95 (s, 
2HV 6.97 (s. 1H) . 


1-93 


Pr 




182-183 


1-94 


Pentyl 


-Q- F 


175-176 


0 88 (t, J=6.9 Hz, 3H), 1.29 (m 
4H), 1.62 (m, 2H), 2.17 (s, 3H), 
4.15 (t. J=6.6 Hz, 2H), 4.17 (s, 
2HV 4.95 (b, ggj, 6-97 fc. lH) 


1-95 






139-140 


' 2 19 (b, 3H), 2.50 (m, 4H), 2.66 
(t, J=5.7 Hz, 2H), 3.71 (t, J=4.5 
Hz. 4H), 4.17 (s, 2H), 4.30 (t. 
J=5.7Hz,2H), 6.03 (s, 2H), 6.97 
(s. 1H) 


1-96 




[d-c> 




" 2.14 (8, 3H), 2.50 (m, 4H), 2.6b 
(m, 2H), 3.70 (m, 4H), 4.06 (s, 
2H), 4.30 (t, J=5.4 Hz, 2H), 5.01 
(* 2HV 6.75 (b. 1H) ] 
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Table 12 




Compo- 
und No. 


R36 


R38 


Melting 
point 
CO 


iH-NMR: 6 
CDCl3(R ! =Me). DMSO-drfR'-H) 


1-97 




i 




2.15 (s, 3H), 2.49 (m, 4H). 2.65 
(t, J=5.4 Hz, 2H), 3.70 (m. 4H), 
4.26 (s, 2H), 4.29 (t, J=5.4 Hz, 
2m. 5.01 (s, 2H1. 6.85 (s. lH) 


1-98 








2.13 (d, J=0-9 Hz, 3H). 2.4U- 
2.80 (m 6H), 3.66-3.78 (m. 4H). 
4.16 (s, 2H), 4.26-4.36 (m. 2H), 
5.01 (s, 2H), 6.80 (d, J=0.9 Hz. 

im 


1-99 


Na 




250-265 


*2.18 (s, 3H), 4.28 (s, 2H). 4.81 
fe. 2H). 7.31 (s- 1H1 


I- 100 


Na 






**2.14 (d. J=0.9 Hz, 3H), 4.14 
(s, 2H), 4.79 (6, 2H), 6.99 (d, 
J=0.9 Hz. 1H) 


1-101 


Na 






*2.15 (d, J=0.9 Hz, 3H), 4.32 (s. 
2H), 4.80 (s, 2H). 7.05 (d, J=0.9 
Hz. 1H> 


1-102 


Na 




260-263 


**2.12 (d, J=0.9 Hz, 3H). 4.25 
(s, 2H), 4.42 (s, 2H), 7.21 (m, 

.HD 



* measured with CD3OD 
** measured with DMSO-cfc 
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Table 13 NHg 

r36 ° 2C ~I 



R 38 



Compo- 
und No. 


R36 


Melting 
point 
CC) 


iH-NMR: 6 
CDCls(R l =Me), DMSO-cfcrfR^H) 


M03 


n 
o 


147-148 


2.12 (s, 3H), 2.18 (s, 3H), 4.18 
(s, 2H), 5.01 (s, 2H), 5.81 (s, 
2H\ 6.97 (s, lffi 


1-104 


0 


143-144 


1.20 (s, 9H), 2.17 (s, 3H), 4.17 
(s, 2H). 5.01 (s, 2H), 5.81 (s, 
2HV 6.97 (s, IB) 


1-105 


T 

0 


148-150 


2.18 (s. 3H), 3.83 (s, 3H), 4.17 
(s, 2H), 5.02 (s. 2H), 5.83 (s. 
2HY 6.97 (s. 1H) 


1-106 


rrVr 

l^) 0 Me 


125-130 


1,10-2.00 (m, 10H), 1.53 (d, 
J=5.7Hz,3H), 2.18 (s, 3H), 4.17 
(e, 2H), 4.65 (m, 1H), 4.94 (d, 
J=15.9 Hz, 1H), 5.00 (d, J=15.9 
Hz, 1H), 6.82 (q, J=5.7 Hz, 1H), 
6.98 (s. 1H) 
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The compounds shown in the following Tables 14 to 25 can be synthesized in 
accordance with the same method describe in the above Examples. The abbreviations 
used in Tables 14 to 25: AA, AB, AC, AD, AE, AF, AG, BA, BB, BC, BD, BE, BF, BG, 
BH, BI, BJ, BK, BL, BM, BN, BO, BP, BQ, BR, BS, BT, BU, BV, BW, BX, BY, BZ, CA 
CB, CC, CD, CE, CF, CG, CH, CI, CI, CK, CL, CM, and CN show the substituents 
described as follows. 



AA 


-o 


AE 


H 2 C 


AB 




AF 




AC 


H 2 C-^^-OMe 


AG 


H 2 CH2C-Q> 


AD 


CH 2 
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Table 14 




Compo- 
una IMO. 


R37 


R38 


R 39 


r 

Compo- 

unu i^u. 


R37 


R38 


R39 


Compo- 
und No. 


R37 


R38 


R39 


TT 1 
11-1 


Mzi 


DA 


.Vie 


TT-41 


Et 


BA 


Me 


11-81 


Ph 


BA 


Me 


TT O 
Il-Z 


ivie 


DD 
DD 


Mp 


TT-42 


Et 


BB 


Me 


11-82 


Ph 


BB 


Me 


TT Q 


Mo 

ivie 


DO 


lYle 


IT-43 


Et 


BC 


Me 


11-83 


Ph 


BC 


Me 


TT A 


ivie 


DU 


Mp 

JVlo 


TT-44 


Et 


BD 


Me 


11-84 


Ph 


BD 


Me 


TT C 

11-0 


ivie 


DP 
Dili 


Mp 


TT-4R 


Et 


BE 


Me 


11-85 


Ph 


BE 


Me 


TT 

li-b 


Me 


DP 


Mp 




Et 


BF 


Me 


11-86 


Ph 


BF 


Me 


TT T 

11-7 


Me 


nn 
t><a 


Mo 


TT-47 


Et 


BG 


Me 


11-87 


Ph 


BG 


Me 


TT O 

11-0 


Me 


rJri 


Mo 

ivie 




Et 


BH 


Me 


11-88 


Ph 


BH 


Me 


TT O 


Me 


£51. 


Mp 

iVIe 


11 "*x£7 


Et 


BI 


Me 


11-89 


Ph 


BI 


Me 


tt in 
11-10 


Me 


TD T 
DO 


Mo 


11 "<JVJ 


Et 


BJ 


Me 


11-90 


Ph 


BJ 


Me 


11-11 


Me 


DT7 
13 IV 


Mo 




Et 


BK 


Me 


11-91 


Ph 


BK 


Me 


TT 1 O 
11-lZ 


Mo 

Me 


RT 
DU 


Mp 


TT-52 

11 UiW 


Et 


BL 


Me 


11-92 


Ph 


BL 


Me 


TT 1 9 

ll-lo 


Ma 

Me 


DM 
DJV1 


Mp 


11-53 


Et 


BM 


Me 


11-93 


Ph 


BM 


Me 


TT 1 A 
11-14 


Mo 

Me 


DVT 
DIN 


Mp 


11-54 


Et 


BN 


Me 


11-94 


Ph 


BN 


Me 


TT 1 R 
11-10 


Me 


D\J 


Mp 

1V1C 


11-55 


Et 


B0 


Me 


11-95 


Ph 


BO 


Me 


TT 1 C 

11-lb 


Mo 

ivie 


RP 


Mp 


11-56 


Et 


BP 


Me 


11-96 


Ph 


BP 


Me 


TT 17 
11-1 / 


Mo 

Me 


RO 


Mp 

IVIe 


11-57 


Et 


BQ 


Me 


11-97 


Ph 


BQ 


Me 


TT 1 Q 

ll-lo 


Mo 

Me 


RR 

DXV 


Mp 

1Y1C 


11-58 


Et 


BR 


Me 


11-98 


Ph 


BR 


Me 


TT 1Q 

ii-iy 


Mo 

Me 


R<5 
DO 


Mp 


11-59 


Et 


BS 


Me 


11-99 


Ph 


BS 


Me 


TT on 


Mo 


RT 

J_> X 


Me 


11-60 


Et 


BT 


Me 


11-100 


Ph 


BT 


Me 


TT 01 
11-Z1 


Mo 

me 


TUT 


Me 


11-61 


Et 


BU 


Me 


11-101 


Ph 


BU 


Me 


TT 00 


Mo 


D V 


Me 

1V1C 


11-62 


Et 


BV 


Me 


11-102 


Ph 


BV 


Me 


TT 09 


Mo 


D VV 


Me 


11-63 


Et 


BW 


Me 


11-103 


Ph 


BW 


Me 


TT OA 


Mo 


DA 


Me 


11-64 


Et 


BX 


Me 


11-104 


Ph 


BX 


Me 


11-25 


Me 


BY 


Me 


11-65 


Et 


BY 


Me 


11-105 


Ph 


BY 


Me 


11-26 


Me 


BZ 


Me 


11-66 


Et 


BZ 


Me 


11-106 


Ph 


BZ 


Me 


11-27 


Me 


CA 


Me 


11-67 


Et 


CA 


Me 


11-107 


Ph 


CA 


Me 


11-28 


Me 


CB 


Me 


11-68 


Et 


CB 


Me 


11-108 


Ph 


CB 


Me 


11-29 


Me 


CC 


Me 


11-69 


Et 


CC 


Me 


11-109 


Ph 


CC 


Me 


11-30 


Me 


CD 


Me 


11-70 


Et 


CD 


Me 


11-110 


Ph 


CD 


Me 


11-31 


Me 


CE 


Me 


11-71 


Et 


CE 


Me 


11-111 


Ph 


CE 


Me 


11-32 


Me 


CF 


Me 


11-72 


Et 


CF 


Me 


11-112 


Ph 


CF 


Me 


11-33 


Me 


CG 


Me 


11-73 


Et 


CG 


Me 


11-113 


Ph 


CG 


Me 


11-34 


Me 


CH 


Me 


11-74 


Et 


CH 


Me 


11-114 


Ph 


CH 


Me 


11-35 


Me 


CI 


Me 


11-75 


Et 


CI 


Me 


11-115 


Ph 


CI 


Me 


11-36 


Me 


CJ 


Me 


11-76 


Et 


CJ 


Me 


11-116 


Ph 


CJ 


Me 


11-37 


Me 


CK 


Me 


11-77 


Et 


CK 


Me 


11-117 


Ph 


CK 


Me 


11-38 


Me 


CL 


Me 


11-78 


Et 


CL 


Me 


11-118 


Ph 


CL 


Me 


11-39 


Me 


CM 


Me 


11-79 


Et 


CM 


Me 


11-119 


Ph 


CM 


Me 


11-40 


Me 


| CN 


Me 


H-80 


Et 


CN 


Me 


11-120 


Ph 


CN 


Me 
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Table 15 




Compo- 
und No. 


R37 


R38 


ft* 


Compo- 
una 1NO. 


R37 


R38 


R39 


Compo- 

, , _ J T\Tr\ 

una isu. 


R37 


R38 


R39 


11-121 


Me 


BA 


bt 


TT 1 £1 

11-lbl 


Ff 
bt 


DA 
DA 


Ff 

Hit 


TT 9H1 


Ph 


RA 


Et 


11-122 


Me 


DD 


hit 


TT 1 CO 
11-104 


F+ 


DD 
DD 


Ff 

H/t 


TT.909 


Ph 

L 11 




Et 


11-123 


Me 


BO 


£jt 


TT 1 CO 


bt 




F<- 


TT-9H^ 


Ph 
r 11 


RC 


Et 


11-124 


Me 


BD 


hjt 


TT 1 CA 

ll-lo4 


17+ 

bt 


DU 


Ff 


TT 9H/1 


Ph 
r u 


RD 


Et 


11-125 


Me 


DTT» 


hjt 


TT 1 CK 


Ff 
bt 


RT7 


Ff 

Hit 


TT 9H^ 


Ph 

JT 11 


RF 


Et 


11-126 


Me 


BF 


Et 


TT 1 CC 

11-lbb 


T7 + 

bt 


DE 


Ff 
Hit 


TT 9HA 


Ph 
ill 


RF 

Dl 


Et 
iu i 


11-127 


Me 


BG 


Et 


TT 1 CH 

ll-lb7 


T7+ 

bt 


DO 

daj 


T?f 


TT 9H7 




Rfl 


Et 


11-128 


Me 


n t t 

BH 


Et 


TT 1 CQ 

11-lbo 


bt 


DU 

r>o 


Fi- 
ji* r, 


TT 9HR 


it ii 


RH 


Et 


11-129 


Me 


t>t 

BI 


Hft 


TT 1 CQ 

ii-iby 


T?f 
EjZ 


RT 
Dl 


Ff 

Hit 


TT.90Q 


Ph 

IT 11 


BI 


Et 


11-130 


Me 


T"> T 

BJ 


Et 


TT 1 Hf\ 
11-1 /U 


Ff 

Hit 


P T 
Dti 


Ft 
ill t 


TT 91 n 


Ph 
i ii 


RJ 


Et 


11-131 


Me 


BK 


Et 


TT 1^1 

11-171 


TTf 
Hit 


PT/ 
DA 


Ff 


TT 91 1 


Ph 


RK 


Et 


11-132 


Me 


T>T 

BL 


bt 


TT i no 
11-1 III 


Ff 
bt 


RT 


Ft 


TT.91 9 


Ph 

JT 11 


BL 


Et 


11-133 


Me 


BM 


Et 


TT 1 <7Q 


Ff 


RTWT 
DM 


Ft 


TT-91 ^ 

ll-^lO 


Ph 
r ii 


BM 


Et 


11-134 


Me 


T)XT 

BN 


Et 


TT 1 HA 

11-174 


Ff 
bt 


RM 
DIN 


Ff 


TT.91 4 


Ph 
i ii 


BN 


Et 


11-135 


Me 


BU 


bt 


tt i n& 
11-1 (O 


Ff 
EjI 


DU 


Ft 


TT.91 E 


Ph 


B0 


Et 


11-136 


Me 


DD 

Br 


bt 


TT 1 hc 
11-1 fb 


Ff- 


RP 
Dr 


Ft 
Hit 


TT.91 fi 


Ph 
i ii 


BP 


Et 


11-137 


Me 


By 


bt 


11-1 ( / 


Ft 

Urt 


RO 


Ft 

Hit 


TT-217 


Ph 


BO 


Et 


11-138 


Me 


DD 
BK 


17*. 

bt 


TT 1 7ft 

11-1 to 


Ft 

Hit 


RT? 


Ft 

Hit 


TT-91R 

11 "A»±0 


Ph 


BR 


Et 


11-139 


Me 


DC 
DO 


bt 


TT 1 7Q 
11-1 /y 


Ft 


RQ 

DO 


Fit 

Ej t 


TT.219 


Ph 


BS 


Et 


11-140 


Me 


rim 

Bl 


bt 


TT IftO 
11-lOU 


Ft 
Hi I 


RT 

D 1 


Ft 
Ej t 


TT-220 


Ph 


BT 


Et 


TT 1 At 

11-141 


Me 


DTT 
BU 


T?f 


TT 1H1 
11-iol 




TUT 

D \J 


Ft 


11-221 


Ph 


BU 


Et 


TT A jiO 

11-142 


Me 


o\r 

DV 


bt 


TT 1 ft9 


Ft 

Hit 


RV 

D V 


Ft 

Hi t 


11-222 


Ph 


BV 


Et 


TT 1 JO 

H-143 


Me 


RW 


Ff 

bt 


TT IRQ 


Ft 

r>t 


D VV 


Ft 


11-223 


Ph 


BW 


Et 


TT 1 A A 

11-144 


Me 


DV 
DA 


T?f 
bt 


TT 1ft/i 
ll-lo^ 


Ft 

Hit 


RY 

DA 


Ft 


TT-224 


Ph 


BX 


Et 




Me 


BY 


Et 


11-185 


Et 


BY 


Et 


11-225 


Ph 


BY 


Et 


11-146 


Me 


BZ 


Et 


11-186 


Et 


BZ 


Et 


11-226 


Ph 


BZ 


Et 


11-147 


Me 


CA 


Et 


11-187 


Et 


CA 


Et 


11-227 


Ph 


CA 


Et 


11-148 


Me 


CB 


Et 


11-188 


Et 


CB 


Et 


11-228 


Ph 


CB 


Et 


11-149 


Me 


CC 


Et 


11-189 


Et 


CC 


Et 


11-229 


Ph 


CC 


Et 


11-150 


Me 


CD 


Et 


11-190 


Et 


CD 


Et 


11-230 


Ph 


CD 


Et 


11-151 


Me 


CE 


Et 


11-191 


Et 


CE 


Et 


11-231 


Ph 


CE 


Et 


11-152 


Me 


CF 


Et 


11-192 


Et 


CF 


Et 


11-232 


Ph 


CF 


Et 


11-153 


Me 


CG 


Et 


11-193 


Et 


CG 


Et 


11-233 


Ph 


CG 


Et 


11-154 


Me 


CH 


Et 


11-194 


Et 


CH 


Et 


11-234 


Ph 


CH 


Et 


11-155 


Me 


CI 


Et 


11-195 


Et 


CI 


Et 


11-235 


Ph 


CI 


Et 


11-156 


Me 


CJ 


Et 


II- 196 


Et 


CJ 


Et 


11-236 


Ph 


CJ 


Et 


11-157 


Me 


CK 


Et 


11-197 


Et 


CK 


Et 


11-237 


Ph 


CK 


Et 


11-168 


Me 


CL 


Et 


11-198 


Et 


CL 


Et 


11-238 


Ph 


CL 


Et 


11-159 


Me 


CM 


Et 


11-199 


Et 


CM 


Et 


11-239 


Ph 


CM 


Et 


11-160 


Me 


CN 


Et 


11-200 


Et 


CN 


Et 


11-240 


Ph 


CN 


Et 
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Table 16 

NH 2 

H0 2 C^O 



R 38 



Compo- 
und No. 


t"> 07 


"D38 


R39 


Compo- 
und No. 


R37 


R 38 


R39 

1 


Compo- 
and NO. 


R3 7 


R38 


R39 


11-241 


Me 


BA 


Me 


11-281 


Et 


BA 


Me 


11-321 


Dl» 

rfl 


PA 

DA 


Mo 


11-242 


Me 


BB 


Me 


11-282 


Et 


BB 


Me 


tt r> no 

11-322 


rn 


PP 


Mo 

lVlc 


11-243 


Me 


BC 


Me 


11-283 


Et 


BC 


Me 


11-323 


rn 


DP 
DO 


ivie 


11-244 


Me 


BD 


Me 


11-284 


Et 


BD 


Me 


11-324 


rn 


dJJ 


Mo 


11-245 


Me 


BE 


Me 


11-285 


Et 


BE 


Me 


11-325 


rn 


PT? 


Mo 

ivie 


11-246 


Me 


BF 


Me 


11-286 


Et 


BF 


Me 


11-326 


PL 

rn 


PT7 


Mo 

jvie 


11-247 


Me 


BG 


Me 


11-287 


Et 


BG 


Me 


11-327 




pp 
DUr 


Mo 


11-248 


Me 


BH 


Me 


11-288 


Et 


BH 


Me 


11-328 


TIL 

rn 


PT4 

Dri 


Mo 

ivie 


11-249 


Me 


BI 


Me 


11-289 


Et 


BI 


Me 


11-329 


TDU 

rn 


PT 
Dl 


Mo 


11-250 


Me 


BJ 


Me 


11-290 


Et 


BJ 


Me 


11-330 


r>u 
rn 


P T 
DO 


Mo 

ivie 


11-251 


Me 


BK 


Me 


11-291 


Et 


BK 


Me 


11-331 


rn 


DlV 


Mo 


11-252 


Me 


BL 


Me 


11-292 


Et 


BL 


Me 


11-332 


pl 
rn 


PI 


Mo 


11-253 


Me 


BM 


Me 


11-293 


Et 


BM 


Me 


II-33o 


r n 


DU 
DlVi 


Mp 


11-254 


Me 


BN 


Me 


11-294 


Et 


BN 


Me 


TT r%0 A 

11-334 


PV, 

rn 


PM 
DIN 


Mp 


11-255 


Me 


BO 


Me 


11-295 


Et 


BO 


Me 


TT noc 

11-335 


rn 


PO 

D\J 


Mp 


11-256 


Me 


BP 


Me 


11-296 


Et 


BP 


Me 


TT O0£» 

11-336 


PV> 

rn 


PP 


Mp 


11-257 


Me 


BQ 


Me 


11-297 


Et 


BQ 


Me 


TT 00*7 

Il-3i57 


PVi 

rn 


PG 


Mp 


11-258 


Me 


BR 


Me 


11-298 


Et 


BR 


Me 


TT OOQ 


p>i 
rn 


RR 

Drv 


Me 


11-259 


Me 


BS 


Me 


11-299 


Et 


BS 


Me 


TT OOO 


PVi 

rn 


rc; 

DO 


Me 


11-260 


Me 


BT 


Me 


11-300 


Et 


BT 


Me 


TT O Af\ 


PVi 

rn 


RT 


Mp 


11-261 


Me 


BU 


Me 


11-301 


Et 


BU 


H IT 

Me 


TT OA 1 


PVi 

rn 


PTT 
D U 


Me 


11-262 


Me 


BV 


Me 


11-302 


Et 


BV 


Me 


TT O AO 


Pli 

rn 


D V 


Mp 


11-263 


Me 


BW 


Me 


11-303 


Et 


BW 


Me 


TT O AO 

ll-34o 


PV» 

rn 


D VV 


Mp 


11-264 


Me 


BX 


Me 


11-304 


Et 


BX 


Me 


TT O A A 
11-044 


PVi 

rn 


RX 

DA 


Me 


11-265 


Me 


BY 


Me 


11-305 


Et 


BY 


Me 


TT OA K 

11-040 


PVi 

rn 


RY 


Me 


11-266 


Me 


P7 


Mo 

JYlc 


11 m O\J\J 


Et 


BZ 


Me 


11-346 


Ph 


BZ 


Me 


11-267 


Me 


CA 


Me 


11-307 


Et 


CA 


Me 


11-347 


Ph 


CA 


Me 


11-268 


Me 


CB 


Me 


11-308 


Et 


CB 


Me 


11-348 


Ph 


CB 


Me 


11-269 


Me 


CC 


Me 


11-309 


Et 


CC 


Me 


11-349 


Ph 


CC 


Me 


11-270 


Me 


CD 


Me 


11-310 


Et 


CD 


Me 


11-350 


Ph 


CD 


*Me 


11-271 


Me 


CE 


Me 


11-311 


Et 


CE 


Me 


11-351 


Ph 


CE 


Me 


11-272 


Me 


CF 


Me 


11-312 


Et 


CF 


Me 


11-352 


Ph 


CF 


Me 


11-273 


Me 


CG 


Me 


11-313 


Et 


CG 


Me 


11-353 


Ph 


CG 


Me 


11-274 


Me 


CH 


Me 


11-314 


Et 


CH 


Me 


11-354 


Ph 


CH 


Me 


11-275 


Me 


CI 


Me 


11-315 


Et 


CI 


Me 


11-355 


Ph 


CI 


Me 


11-276 


Me 


CJ 


Me 


11-316 


Et 


CJ 


Me 


11-356 


Ph 


CJ 


Me 


11-277 


Me 


CK 


Me 


11-317 


Et 


CK 


Me 


11-357 


Ph 


CK 


Me 


11-278 


Me 


CL 


Me 


11-318 


Et 


CL 


Me 


11-358 


Ph 


CL 


Me 


11-279 


Me 


CM 


Me 


11-319 


Et 


CM 


Me 


11-359 


Ph 


CM 


Me 


11-280 


Me 


CN 


Me 


11-320 


Et 


CN 


Me 


11-360 


Ph 


CN 


1 Me 
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Table 17 

NH 2 

HOjC^O f\. 



R 38 



Compo- 
und No. 


R37 




R39 ^ 


Compo- 
jnd No. 


R37 


R38 


R39 ( 


Compo- 1 
indNo. 


R37 


RS8 


R39 

Et i 


11-361 


Me 


BA 


Et 


11-401 


Et 


BA 


Et 


11-441 


Ph 


BA 




11-362 


Me 


BB 


Et 


11-402 


Et 


BB 


Et 


TT * A O 

11-442 


rn 




jjt i 


11-363 


Me 


BC 


Et 


11-403 


Et 


BC 
BD 


Et 
Et 


11-443 
11-444 


Ph 
Ph 


BC 
BD 


Et 
Et 


11-364 
11-365 


Me 
Me 


BD 
BE 


Et 
Et 


11-404 
11-405 


Et 
Et 


BE 


Et 


11-445 


Ph 


BE 


Et 


11-366 


Me 


BF 


Et 


11-406 


Et 


BF 


Et 


11-446 


Ph 


BF 


Et 


11-367 


Me 


BG 


Et 


11-407 


Et 


BG 


Et 


11-447 


Ph 


BG 


Et 


11-368 


Me 


BH 


Et 


11-408 


Et 


BH 


Et 
Et 


11-448 
11-449 


Ph 
Ph 


BH 
BI 


Et 
Et 


11-369 
11-370 


Me 
Me 


BI 
BJ 


Et 
Et 


11-409 
11-410 


Et 
Et 


BI 
BJ 


Et. 


11-450 


Ph 


BJ 


Et 


11-371 
11-372 
11-373 
11-374 
11-375 
11-376 


Me 
Me 
Me 
Me 
Me 
Me 


BK 
BL 
BM 
BN 
BO 
BP 


Et 
Et 
Et 
Et 
Et 
Et 


11-411 
11-412 
11-413 
11-414 
11-415 
11-416 


Et 
Et 
Et 
Et 
Et 
Et 


BK 
BL 
BM 
BN 
BO 
BP 


Et 
Et 
Et 
Et 
Et 
Et 


11-451 
11-452 
11-453 
11-454 
11-455 

TT A CO 

11-456 


rn 
Ph 
Ph 
Ph 
Ph 
p"k 


JJIY 

BL 
BM 
BN 
BO 

DP 


Et 
Et 
Et 
Et 

CjI' 1 


11-377 
11-378 
11-379 
11-380 
11-381 
11-382 

TT OOO 

11-384 
11-385 


Me 
Me 
Me 
Me 
Me 
Me 
ivie 
Me 
Me 


BQ 
BR 
BS 
BT 
BU 
BV 
RW 

D VV 

BX 
BY 


Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 


11-417 
11-418 
11-419 
11-420 
11-421 
11-422 
11-423 
11-424 
11-425 


Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 


BQ 

BR 

BS 

BT 

BU 

BV 

BW 

BX 

BY 


Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 


11-457 

TT A CO 

11-458 

TT A CC\ 

11-459 

TT A&C\ 
11-46U 

TT AC 1 

ll-4bl 

TT ACO 

11-463 
11-464 

TT ACf\ 
H-4O0 


Ph 
rn 
ril 
rn 
r n 

PVi 
rn 

Ph 

Ph 

IT 11 


BQ 

PP. 
pel 

ID w 
JlJ V 

BW 
BX 
RY 


Et 
Et 
Et 
Et 
Et 1 
Et J 
Etl 
Et 
Et 1 


11-386 
11-387 
11-388 
11-389 
11-390 


Me 
Me 
Me 
Me 
Me 


T37 
DO 

CA 
CB 
CC 
CD 


Et 
Et 
Et 
Et 


11-426 
11-427 
11-428 
11-429 
11-430 


Et 
Et 
Et 
Et 
Et 


BZ 
CA 
CB 
CC 
CD 


Et 
Et 
Et 
Et 
Et 


11-466 
11-467 
11-468 
11-469 
11-470 


Ph 
Ph 
Ph 
Ph 
Ph 


BZ 
CA 
CB 
CC 
CD 


Et 
Et 
Et 
Et 
Et 


11-391 
11-392 


Me 
Me 


CE 
CF 


Et 
Et 


11-431 
11-432 


Et 
Et 


CE 
CF 


Et 
Et 


11-471 
11-472 


Ph 
Ph 


CE 
CF 


Et 
Et 


11-393 


Me 


CG 


Et 


11-433 


Et 


CG 


Et 


11-473 


Ph 


CG 


Et 


11-394 


Me 


CH 


Et 


11-434 


Et 


CH 


Et 


11-474 


Ph 


CH 


Et 


11-395 


Me 


CI 


Et 


11-435 


Et 


CI 


Et 


11-475 


Ph 


CI 


Et 1 


11-396 


Me 


CJ 


Et 


11-436 


Et 


CJ 


Et 


11-476 


Ph 


CJ 


Et 


11-397 


Me 


CK 


Et 


11-437 


Et 


CK 


Et 
Et 


11-477 
11-478 


Ph 
Ph 


CK 
CL 


Et 
Et 


11-398 
11-399 


Me 
Me 


CL 
CM 


Et 
Et 


11-438 
11-439 


Et 
Et 


CL 
CM 


Et 


11-479 


Ph 


CM 


Et 


11-400 


Me 


CN 


Et 


11-440 


| Et 


CN 


Et 


II-48C 


Ph 


CN 


Et 
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